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JOINT INDUSTRY
UNDERWATER WELDING DEVELOPMENT PROGRAM
PHASE | - FINAL REPORT
December, 1995

EXECUTIVE SUMMARY
B R D

The Joint Industry Underwater Welding Development Program was initiated by Global
Divers & Contractors, Inc. and Colorado School of Mines Center for Welding and Joining
Research in early 1993 with five participants and a budget of $175,000. As work progressed,
the number of participants increased to nine with a budget of $305,000.

JECTIVE

Objectives of the program are to improve the properties of wet welds to the highest
practical levels, and to determine what those properties are so they may be used as
fundamental engineering design principals for solutions to underwater repair/construction
problems, where wet welding vs. dry hyperbaric welding, usually results in significant savings
in time and costs.

Areas of expected improvements include increased ductility and toughness of weldments,
reduced hardness and susceptibility to hydrogen cracking in heat affected zones of base
metals, reduced weld metal porosity and increased depths at which sound welds can be made.
HOW THE PROGRAM WORKS

Program work is guided by the Technical Activities Committee (TAC) which is made up
of one member from each of the participating organizations, Global Divers and Colorado
School of Mines. The participants are: Amoco Research Center, Chevron Research &
Technology Company, Shell Offshore Engineering Research Department, Marathon OQil
Company, Mobil Research & Development Corporation, Exxon Production Research Company,
the U.S. Navy, U.S. Offshore Minerals Management Service and the U.K. Health and Safety
Executive-Offshore Safety Division.

Global Divers provides management, welding engineering, technicians, welder/divers,
hyperbaric facilities, welding/diving equipment and materials. Colorado
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School of Mines provides scientists, a graduate research engineer dedicated to the program,
welding electrode formulations, analytical equipment, technical reports on their research tasks,
plus calibration in the preparation of other program reports.

Test Matrix and Base Metal
The test Matrix for this phase of the program includes the following tasks. The

procedure for, and the results of, each task is discussad separately in this summary.

+  Refinement of the multiple temper bead (MTB) wet welding technique used for the
prevention of hydrogen cracking and reduction of hardness in the heat affected zones
of crack susceptible {carbon equivalent > .40 wt. pct.) base metal.

s Selection of optimum welding power source and auxiliary equipment for underwater wet
welding.

+ Development of improved electrodes through reformulations of flux coatings and
selection of core wires. The program electrode (Ex 7) was chosen as the base electrode
for improvement.

+  Qualify welding procedures for all position wet fillet and groove welds at 3 ft and 33 ft,
and make allweld-metal tensile and impact welds at 3, 33, 66, 95 and 165 ft with the
improved electrode (CSM LC-2).

ASTM AB37 Class 1, 3/4" steel plate was selected as the program base metal because
of its proven propensity for hydrogen induced cracking, and excessive hardness, in the heat
affected zone (HAZ) when welded with conventional wet welding procedures. Carbon
equivalent of the A537 material was .462 including .20 carbon. VYield and uftimate design
strength were 50 ksi and 70 ksi respectively.

Program welds were made on the A537 material with Ex 7 electrodes in the vertical
position at -33 ft unless noted otherwise,

MULTIPLE TEMPER BEAD WET WELDING (PHASE | PART 1)
This unique wet welding technique involves three essential variables which were

methodically investigated. Procedures and results are included in the following three section
report.
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Toe-to-Toe Distance

Microscopic (= 100x) examinations of the heat affected zones of a series of wet
weldments demonstrated that to prevent hydrogen induced cracking in the HAZ of crack
susceptible base metals, the distance between the toes of primary weld beads that tie into the
base metal, and toes of temper beads, could vary from 1/16" to 3/16" with equal
effectiveness. (Groove welds were made with toeto-toe distances of 1/16', 3/32*, 1/8" and
3/16") No cracks were detected in the HAZ of any of the sixteen (4 from each weld)
specimens examined. However, until temper bead input was substantially increased during
welding done later, there was no sfgniﬁcant reduction in HAZ hardness.

The fact that the toe-to-toe distance Can vary so much, indicates that the MTB technique
can be used under less than idea underwater work conditions and by less than highly skilled
welder/divers.

Time Intervals

For the prevention of HAZ hydrogen, it is essential that we know how long it takes for
HAZ hydrogen cracks to develop, i.e., what is the maximum allowable time between
deposition of primary weld beads and temper beads. Prior to, and during the program work,
welders using electrodes other than the Ex 7 electrodes, saw HAZ cracks develop as welds
were being made. Based on five experiences, it was concluded that the cracks developed
within three to ten minutes,

To determine the maximum acceptable time between deposition of primary and temper
beads, welds were made with the Ex 7 electrodes with the time intervals reported below.
Results are based on microscopic {100 x) examination of heat affected zones.

Time Intervals Results
Four minutes to ten minutes with < 30 second intervals, No cracks
Ten minutes to sixty minutes with ten minute intervals. No cracks
One hour to two hours with thirty minute intervals. No cracks
Two and ene-half hours to four hours with thirty minute intervals. All specimens had

typical HAZ hydrogen
induced cracks.
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Supplemental Welds

For validation of the highly desirable but unexpected results (2 hours with no cracks),
Ex 7 electrodes were used to make an untempered 3/4" x 12" groove weld on ASTM A516
Gr. 70 (CE .44) material which, when welded with commercial wet welded electrodes,
developed HAZ cracks within < 10 minutes (welder saw HAZ cracks while welding). During
welding with Ex 7 electrodes the welder saw no cracks and none were detected later with
magnetic particle examination. And, ane of four cross sections showed no cracks when
examined at 100x.

A second weld was made on the same material with the Ex 7 electrodes plus temper
beading. For this MTB weld, HAZ hydrogen cracking was eliminated.

Knowing the maximum time interval between deposition of primary weld beads and
temper beads is essential to the selection of the most efficient sequence for deposition of
weld beads/layers. |
Temper Bead Heat Input

Throughout the many MTB welding experiments, prevention of HAZ hydrogen cracking
was consistently accomplished without any deliberate increase in temper bead heat input, For
the same welds, maximum Vickers 10kg 325, as specified by AWS D3.6 for Class A {dry)
welds, was maintained in the HAZ and weld metal, except in a very small area (< 1/8"x 3/16")
in the HAZ beneath the toes of Cap passes. To meet the maximum hardness specified by
AWS D3.6 for dry welds, a series of welds were made using four levels of increased heat input
at the toes of cap passes, plus a fifth unique "haif-bead" wet welding procedure, i.e., the
thickness of outermost Cap passes that overlapped the excessively hard base metal HAZ was
reduced approximately 50% (by grinding) and then retempered. For the weld with the fourth
level of heat input, (370 kJin), average hardness in the critical area was 324 with two locations
registering 332 and 355. While these harnesses are acceptable for most applications, the
halfbead technique was next used for further reduction in maximum HAZ hardness. Results
were; average hardness in critical area 282 with 300 maximum. (See Summary of Table 1).

T8 lusi
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Wet welds made with the Ex 7 electrodes at -33" on material that is subject to HAZ
hydrogen cracking (CE .462) and excessive hardness (C.20), met AWS D3.6 Class A {dry) weld
requirements as specified for lack of cracks and maxirmum hardness,

Supplemental Information

Wet welds have long been maligned for lack of toughness as determined by Charpy V-
notch impact tests made at minimum design service temperature (28-32° F). Wet welds made
during the Program exceed the AWS D3.6 requirements for Class A (dry) welds down to -25°
F. See accompanying Energy Absorption Temperature Transition Curve. Also, note HAZ notch
toughness of 51 ft b at 28° F.
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SUMMARY OF VICKERS 10 KG HARDNESS TEST RESULTS
IN HAZ OF WET FILLET WELDMENTS
{See Table 1 for Details)

AVERAGE HAZ HARDNESS TOE HARDNESS
WELDING VARIABLES I0E OTHER COMMENTS
No Temper Beads 463 291 50f 6435
Multiple Temper Beads 431 286 20f8 =435
Heat Input 25.5 kJ/in
Multiple Temper Beads 410 274 30of 8 >435
Heat Input 32.2 kJfin
Multiple Temper Beads 439 270 3 of 8 > 435
Heat Input 34.6 kJfin
Multiple Temper Beads 324 259 20f32>+*325
Heat Input 37.0 kJ/in
Multiple Temper Beads 282 277 300 max.

Plus Half-Bead Technigue
Heat Input 29.3 kJ/in

“AWS D3.6 specifies Vickers 10 kg 325 maximum for Class A (dry) welds.

NOTE: Heat inputs are expressed in welding arc output in energy units (kJ) per
linear inch at weld joint.

Amps x Volts x 60 = Jules per inch in.

per minute

JipMinaing. 985 1 = 6
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WELDING POWER SQURCES AND AUXILIARY EQUIPMENT (Phase | Part 2)

For in-air welding, previous Global Divers experience indicated that, depending on
base metal, filler metal and welding conditions, a variable pulse welding current output
improved arc stability, molten metal droplet transfer and weld metal geometry. Objective
of this part of the program was to determine the best power source with or without
auxiliary equipment, for wet welding.

Test Matrix

Multiple pass vertical fillet welds were made at -33' on both straight and reverse
polarity with the Program Ex 7 electrode and a commercially available wet welding
electrode with each of the five power sources that were evaluated. Then , the two best
performing power sources were used for more difficult welds, i.e. overhead at -3'.
Equipment Tested

The following equipment was tested in this experimental program:

At -33' Pow Con 300SS Inverter with and without pulsed arc.

Thermal Dynamics Arc 300 GMS Inverter with and without pulsing.
Miller XMT CC/CU Inverter
Miller 251 D Diesel Driven Generator
Miller Gold Star Transformer/Rectifier
At -3' Pow Con Inverter with Pulse Ac
Miller 251 D Generator
Examinations/Evaluations

Examinations of each weldment included visual, two macros and a fillet weld break
test. Weldments were graded on weld bead geometry, amount of porosity, degree of root
penetration, and lack of undercut. In addition to weld quality, the performance of the
different combinations of power sources and auxiliary equipment were evaluated
according to their general weldability, power output, response time, ease of arc initiation

and maintenance, arc stability, welder control, and travel speed.
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Results

The three inverter power sources, with and without pulsed arc, clearly outperformed
the diesel driven generator and. transformer/rectifier. Surface appearance of the welds
was superior, penetration was increased and there was a reduction in porosity.
Additionally, further improvement in weld bead morphology was observed with pulsing.
Supplemental Information

Compared to the second choice, diesel-driven generator, the inverter power
sources have additional advantages of not requiring daily fueling and maintenance. The
fact that they operate quietly and with no exhaust emissions is highly desirable, especially
when work space is limited. The compact construction of the inverter power sources
requires minimum space and lifting capacity at the work site. An inverter based power
source typically weighs between 70 and 90 pounds, while most diesel-driven generators
weigh around 2,000 to 3,000 pounds. However, it should be noted that inverter power
sources require a steady AC power input. If the primary power source is often subjected
to overioad, a separate generator should be provided for the inverter power sources.

ip¥finatpt, 595 1 - 9



WELDING ELECTRODE FORMULATIONS (Phase | Part 3A)

BACKGROUND

Wet welds made with even the best available commercial or proprietary ferritic
welding electrodes, fail to meet the radiographic and ductility requirements specified by
AWS D3.6 for Class A (dry) welds. Porosity, while fine and evenly distributed, is
excessive, and wet weld bend specimens typically fail when tested on radii required for
Class A welds. (2T or 3-1/3T depending on design strength of base metal). Initial
objective of this part of the program is to, through reformulation of electrode flux coatings
and selection of core wires, develop electrodes with less porosity and increased ductility.

The Program Ex 7 electrode was selected as the electrode for
modification/improvement because of it's excellent weldability and, when compared to
other available electrodes, superior mechanical properties. Qualitative analysis of the
base (Ex 7) electrode flux coating, using x-ray defraction techniques was performed with
the results shown in Table II.
FORMULATION TEST MATRIX

The Program Report provides a comprehensive explanation of reasons for the
initial test matrix for the experimental flux coatings (Table 1ll} which are based on two
levels of calcium carbonate additions (10and 12 wt. pet.), three levels of ferromanganese
additions (1.0, 1.5 and 2.0 wt.pct.), and four levels of nickel additions (0.5, 1.0, 1.5 and
2.0 wt. pct). Initially eight coating compositions were produced and tested.
ELECTRODE PERFORMANCE

While depositing weld beads on plate to determine optimal welding parameters,
some of the electrodes produced weld beads with good contours with no surface porosity,
arc was stable, slag coverage was good, and easily removed. However, with all eight
electrodes, weld beads deposited on the previously deposited beads, exhibited excessive
porosity. The erratic behavior was attributed to excessive flux coating thickness-to-rod
diameter, combined with eccentric core wire. Groove welds planned for the electrodes
were not made.

A second set of five batches of electrodes, with smaller coating thickness-to-core-

rod diameter ratio, and more concentric core wires, was extruded and tested later. These
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electrodes performed better than the previous ones, however multiple pass welding
produced poor bead morphology and excessive porosity in overlapping weld passes. The
causes of the problems were investigated, and after more detailed analysis of the Ex 7
flux coating, the compositions of new batches (24) of electrode were determined as
described in Phase | Part 3B Summary.
WELDING ELECTRODE FORMULATION {(Phase | Part 3B)
BACKGROUND

Based on the second and more detailed analysis of the Ex 7 base electrode, and

experience with the thirteen previous experimental flux formulations and sometimes
eccentric core wires, the Center for Welding and Joining Research of the Colorado
School of Mines targeted the screening of multiple flux systems for selection of the
optimal electrode. A total of twelve flux coating compositions were designed for testing
on two core wires. The fluxes were dry mixed at CSM and extruded by J.M. Minerals,
Inc. in Darby, Pennsylvania. Global Divers processed the electrodes for use underwater
and made the welds. Weldments were, as a minimum, examined as specified by AWS
D3.6 for Class A (dry) welds. Bend tests, hardness surveys, chemical analyses and
radiography were performed on all twenty-four experimental welds to screen the
electrodes. Four of the welds were selected for further examinations including
determination of impact toughness, weld metal tensile properties and microstructural
characterization. Based on these results, one combination of flux composition and core
wire was identified as producing the best overall resuits.
EXPERIMENTAL PROCEDURES

Approximately seventy pounds of each of the twenty-four batches of electrodes
were produced for making 3/4" vertical groove welds at -33 ft.

Radiography was performed and graded as specified by AWS D3.6 for Class A
(dry) and Class B (wet) welds. For characterization of the microstructure of four sets of
the welds, transverse cross sections were polished and etched and examined at
magnifications of 200 and 500X. Quantitive metallography, using an image analyzer, was
used to determine the volume fractions of acicular ferrite, grain boundary ferrite and FS

phases. Chemical analysis of all welds were performed using an emission optical
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spectrometer, in particular, the carbon, sulphur, oxygen, and nitrogen contents were

determined using interstitial analyzers,

Side bend tests and Vickers 1 kg hardness surveys were conducted on all
weldments. Welds made with four of the electrodes were examined for HAZ and weld
metal Charpy V-notch toughness at 28°F and all-weld-metal properties including yield and
ultimate tensile strength, elongation and reduction in area at time of fracture.
RESULTS AND DISCUSSION |

As a Summary, this document does not include voluminous amounts of pertinent
information that is contained in the Welding Electrode Formulations (Phase | Part 3B) part
of the Final Report.. This summary is primarily concerned with the final results of the
work that was dedicated to improvement of wet welding electrodes. The success of
CSM's program to develop an electrode capable of producing welds with better
mechanical properties, and less porosity than the Ex 7 base electrode is demonstrated
in the following comparison of averaged test results:

a LC-2 radiographs met the AWS D3.6 requirements for Class A (dry) welds. Ex7
radiographs met Class B (dry) weld requirements. (Failed Class A due to
excessive porosity.

A LC-2 all-weld-metal tensile strength was 83.3 ksi vs. 73.4 ksi for the Ex 7 weid
metal.

A LC-2 weld metal elongation averaged 12.3% (10 and 14.6%). Ex 7 elongation
averaged 11.5% with 12.5% maximum.

A LC-2 Charpy V-notch weld metal impacts, tested at 28° F, averaged 29.5 ft Ibs vs.
29.0 ft Ibs for Ex 7 weld metal.

A There was no improvement in side bend test resuit. Welds made with both
electrodes were good for 3-1/3 to 4T bend radii.

4 Hardness of weld metal deposited with both electrodes was substantially less than
the maximum specified by AWS D3.6 for Class A welds.
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WELDS MADE WITH CSM LC-2 ELECTRODES (Phase | Part 4)

BACKGROUND

During Phase | Part 3, Colorado Schoo! of Mines (CSM) produced twenty-four
experimental welding electrodes with primary targets of reduced porosity and increased
ductility. Several of the electrodes produced welds with reduced porosity and improved
mechanical properties.

The one designated as LC-2 was selected as best of the twenty-four because,
when compared to the excellent Ex 7 program electrode, the welds had less porosity
(AWS D3.6 Class A vs. Class B), increased all-weld-metal elongation (average 12.3% vs.
11.5%) and 83.3 ksi ultimate tensile strength vs. 73.4 ksi for the Ex 7 electrodes.
TEST MATRIX

For this part of the program, CSM produced seventy pounds of duplicated LC-2
electrodes for use in making the welds for the examinations shown in Table A. As
shown, all position groove and fillet welds were made at -3 and -33 ft. All-weld-metal
tensite and impact welds were made at depths of 3, 33, 66, 99, and 165 ft. All of the wet
weldments were, as a minimum, examined as specified by AWS D3.6 for Class A (dry)
welds.

RESULTS

All position fillet welds met the requirements of AWS D3.6 for Class A welds. All
position groove welds met the visual, radiographic, tensile, and Charpy V-notch impact
requirements for Class A welds. Sixty-one of sixty-one bend specimens tested at 3-1/3T
were satisfactory. (AWS D3.6 specifies 2T for Class A welds). For the all-weld-metal
tensile and Charpy V-notch impact welds, yield and ultimate tensile strength decreased
rather consistently from -3 to -165 ft, with an ultimate tensile strength of 90.1 ksi at 3 ft
and 55.9 ksi at -165 ft. The rate of decrease in the weld metal Charpy V-notch impact
values was similarly consistent with 32 ft Ibs (28° Fyat-3 ft, and 17 ft Ibs at -165 ft. Weld
metal elongation declined from an inconsistent 7.5% at -3 # (8.9% at 66' and 99') to 3.7%
at -165 ft. (See Table 1). Radiographs of the welds made at depths of 3, 33 and 66 ft
met the requirements of AWS D3.6 for Class A (dry) welds, the 99 ft weld was Class B
and the 165 ft weld was unsatisfactory due to excessive porosity.
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The reheated weld metal microstructure near the root of the weldments showed
a very good percentage of desirable acicular ferrite which declined steadily from 61% at -
3 ftto 49% at -165 ft. At-3 ft, polygonal ferrite was 36% and side plate ferrite was 3%.
At -165 ft polygonal ferrite was 37% and side plate ferrite increased to 14%. (See solid
lines on Table 2-A).

Chemical analysis of the weld metal showed and unexpected (based on reports
by others) increase in manganese from .62 (wt. pct.) at -3 ft to .91 at -165 ft.  Silicon
ranged from .41 at-3 ft to .33 at 165 f Carbon increased from .12 at -3 ft to .19 at -165
ft. (See solid lines on Table 3-A). Values for the elements are expressed in weight
percent.

Microscopic cracks detected in the weld metal had no adverse affect on results of
the 3-1/3T bend test. (AWS D3.6 specifies 6T radius for Class B (wet) welds). However,
cracks detected at any magnification are undesirable, and plans to eliminate them include
reduction in weld metal manganese.

Conclusions and Discussion

It has long been recognized that no single wet welding electrode would have
equally good mechanical properties, and weldability, at all water depths. Itis thought that
to make satisfactory wet welds down to 400-500 ft, four different types of electrodes, each
with it's own depth range, might be required.

Based on test resuits of all position fillet and groove welds made at -3" and -33 ft,
and vertical groove welds made at those depths plus 66, 99', and 165' the LC-2
electrode is an excellent shallow water (3' to 66") wet welding electrode. Welds made
from -3' to -66" met all AWS D3.6 requirements for Class B (wet) welds plus Class A (dry)
weld requirements for radiography, tensile strength and Charpy V-notch impacts at -10°
F.

Further modification to flux formulations need to be made for deeper depth ranges.
Also, the molten slag produced by consumption of the LC-2 electrode is excessively fluid
at all depths. This problem can be mitigated by modification of the flux formulation or
application of a proprietary overcoat by Global Divers.

The high percentage of desirable acicular ferrite (61% at -3 ft and 57% at -66 ft.)
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is a welcome result of welds made with the LC-2 electrodes. However, when compared
to the 10.0%, and 14.6% (both at -33 ft) elongation of weld metal deposited with the first
batch of LC-2 electrodes, the 7.5% at -3 and 8.9% at 33 and 66 ft produced by this
second batch of LC-2 electrodes was disappointing. However, it is anticipated that the
cause of the problem will be identified and eliminated early in Phase |I.

Major break-throughs during Phase | were:

L. Development of wet welding procedures that when used on base metals
that were highly susceptible (CE .462 with carbon 20} to HAZ hydrogen
induced cracking, and excessive hardness (VH 10 kg 480), produced the
following results:

a. HAZ cracking was eliminated.

b. Maximum hardness met the requirements of AWS D3.6 for
Class A (dry) welds.

C. Weld metal and HAZ Charpy V-notch test results significantly
exceeded AWS D3.6 requirements for Class A welds.

il Time for development of HAZ hydrogen cracking was extended from < 10
minutes to > 1.5 hours.

1. Through the elimination of porosity, radiographs met the requirements of
AWS D3.6 for Class A welds.

Challenges for Phase Ii include, through the reformulation of flux coatings and

selection of core wires, compensation for pressure induced changes in weld metal

chemistry and micro-structure plus reduced porosity.
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JOINT INDUSTRY
UNDERWATER WELDING DEVELOPMENT PROGRAM
PHASE | - FINAL REPORT
December, 1995

BACKGROUND
The objectives of the Joint Industry Underwater Welding Development Program are

to improve the properties of wet welds to the highest levels practical, and to determine
what those properties are, so that technical information is available for determining
solutions to underwater repair and construction problems. Compared with dry hyperbaric
welding, wet welding usually results in significant savings in time and costs.

With the development of this program, areas of expected improvements of wet
welds include: 1) increased ductility and toughness, 2) reduced heat affected zone
hardness and susceptibility to hydrogen cracking, 3) reduced weld metal porosity, and 4)
increased depth at which sound welds can be made.

For execution of the various developmental tasks, Global Divers & Contractors, Inc.
(Global Divers) provides program management, welding engineering, technicians, weld-
er!éiivers, hyperbaric facilities, welding/diving equipment, and material. To provide funda-
mental interpretation of the experimental results and understanding of underwater wet
welding consumables, the Center for Welding and Joining Research of the Colorado
School of Mines (CSM) provides scientists, a graduate research engineer, welding
electrode manufacturing facilities, and analytical equipment. CSM will also provide
technical reports on their research tasks.

From the selection of specific R&D tasks to the monitoring of work execution, this
program is conducted under the direction of a steering committee, the Technical Activities
Committee (TAC), with one representative from each participating firm, Global Divers and
CSM. The representative from Global Divers serves as the chairman of the TAC. There
are currently nine participants in the program, including six major petroleum companies
(Amoco, Chevron, Marathon, Mobil, Shell and Exxon), the U.S. Navy, and two
government regulating agencies (U.S. Minerals Management Service and U.K. Heaith and
Safety Executive). Names and addresses of the TAC members are shown in Appendix

I of this report.
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This report covers work performed as defined in the January 1993 Test Matrix
(Appendix I-A) plus supplemental work specified by the TAC. The original Test Matrix was
based on a budget of $175,000. and five participants. With the addition of four more
participants, funds available to the program increased to $305,000. Specific tasks inciude:

Part 1 - Development of the Multiple Temper Bead Wet Welding Technique .(MTB)

to prevent hydrogen induced cracking, and to reduce hardness, in the heat

affected zones (HAZ) of crack-susceptible base metal (CE>.40).

Part 2 - Evaluation of welding power sources and auxiliary equipment and

determination of that most suitable for underwater wet welding.

Part 3 - Formulation of welding electrodes to increase ductility and reduce porosity

in wet welds.

Part 4 - Use reformulated electrodes to qualify all position fillet and groove welds

at -3' and 33' and determine all-weld-metal tensile and impact properties of wet

welds made at depths of 3, 33, 66, 99 and 165 ft.

Welds were made on highly crack susceptible ASTM A537, Class 1 (CE .462 wt.
pet with .20C) base metal selected by the TAC and examined, as a minimum, in accordance with
the requirements of AWS D3.6-93 Specifications for Underwater Welding for Class A (Dry)
Welds.

EXPERIMENTAL PROGRAM AND TEST MATRIX

Base Metal Selection
Part | of the Test Matrix is aimed at mitigating the problems associated with wet

welding with ferritic welding electrodes on base metals that are sensitive to hydrogen-induced
underbead cracking. Prior test results of 122 welds made on 22 different types of steels
demonstrated that base metals with carbon equivalents greater than 0.40 wt. pct. were subject
to heat affected zone hydrogen cracking.

Carbon equivalent, as defined by the equation below, describes the hardenability
of the alloy being welded and its susceptibility to cracking. Particularly in high cooling rate
conditions, carbon equivalent is of great importance in specifying preheat and post heat to avoid
HAZ cracking in welds made in air.



Mn Cr + Mo+ V Cu + NI
CEypy = C + =2 + +
11w 6 5 15

To effectively test the multiple temper bead technique, the TAC members specified
that the program material have a carbon equivalent greater than 0.45 wt. pct. Additionally,
material shall have a minimum of 0.20 wi. pct. carbon. The minimum yield and tensile strengths
must be 50 and 70 ksi, respectively. The chemical composition of the 3/4" thick ASTM A537
Class 1 steel plate selected for this program is reported in the foliowing Table 1.

Table I. Chemical Composition of the ASTM A537 Class 1 steel selected for
the Experimental Program.

c Mn P S Si Ni Cr Cu | CEu

0.20 1.50 | 0.014 | 0.018 0.38 0.03 0.02 0.03 0.462

The certificate of analysis of the base metal selected is shown in Appendix li. The
yield and tensile strengths of this steel are 55.3 and 82.2 ksi, respectively. Impact toughness
measured at -62°C (-90°F) ranged between 26 and 32 fi-lbs. As expected of a hot rolled
material, the plate exhibited elongated inclusions, mainly manganese sulfide and silicates. The
ASTM AbB37 Class 1 material chosen met the TAC regquirements.

However, with the exception of North Sea structures, the majority of existing
offshore platforms are fabricated using ASTM A36 grade materials for which there is no control
of chemical composition, except for carbon and manganese. As a result, these materials may
present an erratic behavior with respect to hydrogen-induced HAZ cracking and hardness
distribution in the heat affected zone. For these reasons, two other base metals with carbon
contents of 0.14 and 0.24 wt. pct. were also used in the multiple temper bead program. The
carbon equivalent of the two materials were 0.26 and 0.415 wi. pct,, respectively. An ASTM
A588-88A Grade B material with carbon equivalent 0.449 wt. pct. was also used in the multiple
temper bead experiments.

The large differences in carbon content and carbon equivalent observed in the four
steels allow for better verification of the effectiveness of the multiple temper bead technique.
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Muiltiple Temper Bead Wet Welding Technique

Wet groove and/or fillet welds were made with and without multiple temper beads
(MTB) on the highly crack susceptible A537 CL1 (CE .462 with C .20) base metal plus four other
materials; A36 (CE .38), A36 (CE .415 with .24 C), A516 Gr. 70 (CE .44) and A-588-88A (CE
A449).

Time between deposition of primary weld beads that tied in to crack susceptible
base metal and deposition of temper beads was varied from thirty seconds to four hours.
Distance from toes of primary weld beads to toes of temper beads were 1/32", 1/8", 3/32" and
3/16". Heat input was gradually increased from less than 25.5 to 37.0 kJ/in, plus a haif-bead
technique was used with 29.3 kJ/in heat input. All groove welds were severely restrained, fillet
welds were made with varying degrees of restraint.

Power Sources and Auxiliary Equipment

Three different inverter type (with and without pulsing), one diesel-driven generator
and one transformer/rectifier type wetding"powser sources were used in Part 2 of the test matrix
with welds being made at -3 and -33 ft.

Flux Formulation and Electrode Extrusion

Based on chemical and x-ray analyses, the main ingredients of the program
electrode, Ex 7, were determined as: TiO,, SIO,, K,0.ALO,.68i0, and CaCO, Potassium
silicate (K,0.Si0,) was the binder. To increase the amount of acicular ferrite in the weld metal,

which has a positive effect on increasing toughness and counteracting the effects of porosity,
additions of manganese and nickel to the electrode flux coating were proposed. These metals,
in powder form, were mixed with the flux ingredients for extrusion. The manganese content
varied from 1.0 to 2.0 wt. pct., and nickel varied from 0.5 to 2.0 wt. pct. Industrial grade
chemicals were used for the extrusion of the electrodes. Low carbon steel rods were used as
the core rod for extrusion. The chemical composition of the core rod is shown in Table 1.
Table Il. Chemical Composition of the Low Carbon Steel Core Rod used in Extrusion.
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Welding Parameters and Joint Design

As a result of the large number of welds performed for diverse purposes in the
muiltiple experiments, different welding parameters were used throughout this program. The
individual welding data will be provided in the specific sections of this report. Welds were made
at -33' unless noted otherwise.

Light Metallography
To ensure the detection of underbead cracking and hydrogen fissures in the HAZ

and weld metal, cross sections of the wet weldments were examined at 2100X magnification,
instead of the 5X as specified by the AWS D3.6 "Specification for Underwater Welding” for Class
A (dry) welds.
Cracking Susceptibility of the ASTM A537 Class 1 steel

A large number of welds were made on an ASTM A537 Class 1 steel plate with

0.462 wt. pct. carbon equivalent and 0.20 wt. pct. carbon. A 3/4" thick plate was used for the
all- position confirmation weldments. For welds that required thinner sections (for example,
5/8", the plate was milled to thickness.

A 5/8" groove weld (without temper bead deposition) was initially produced to
confirm the cracking susceptibility of the material. A detailed Global Divers welding report with
the welding parameters, joint design and bend test results is included in the text of the report.
As expected from a steel with high carbon equivalent, cracking occurred in the heat affected
zone of both bead-on-plate welds and fillet welds, as shown in Figure 1, initiating at the toe
region and propagating inward. The face-bend specimens in Figure 2 also show that failure
occurred in the heat affected zone of the welds. All specimens failed at less than 20° bend
angle. Additionally, two 2 T bend specimens of a dry bead-on-plate weldment also failed due
to cracks at the toe of the weld which further confirmed the extreme crack sensitivity of the
selected base metal. The SRC Engineers, Inc. report on the bend test results is included as
Appendix HI.

Micrographic examinations were also performed on these welds to determine the
nature of the cracks in the heat affected zone. Cracks were reported to be visible at 50X
magnification and caused by hydrogen. A test certificate from SRC Engineers, Inc. on the
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micrographic analysis is included in the following page. The remaining three test certificates of
these tests can be found in Appendix IV of the report.

ipfinalipeo05 2-8



SRC ENGINEERS TINC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample (NO T.B.)
P.0O. #GD406244 Weld Sample- 3/4" x 8"(#1) 3C

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Evidence of Hydrogen Cracking were found near
the cap of the weld. Cracks were visible at

50X.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Qlympus

Serial No.: 502796

Last Servicingt December, 1392
SRC Job No. g2-352

Certified By: ’2;;:;é256¢4“°““’(é¢/ pate: 2/ ~73

Reviewed By: " pate: e>7-w/- 73

GLOBALS JMAC
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Examples of HAZ Crack Sensitivity of
AB537 Ci.1 (CE .462) Piate

20° Bridge Bend Failures
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PHASE | - PART 1
MULTIPLE TEMPER BEAD WET WELDING TECHNIQUE

BACKGROUND
The muiti;a}te temper bead (MTB) wet welding technique was deveioped to prevent

hydrogen induced under-bead cracking in the hardened heat affected zones (HAZ) of

crack susceptible (> .40 CE) high strength steels. It has been qualified and used to

repair offshore structures with demonstrated crack susceptible materials with carbon
equivalents ranging from .416 To .455, and has been effective on normalized steel with

a carbon equivalent of .47.

One set of test results showed that the MTB technique is aiso capable of
significantly reducing HAZ hardness. (Vickers 450 reduced to 320) and improving charpy-
v-notch impacts (22 ft Ibs increased to 36 ft. Ibs. at -10° C).

During the qualifications of MTB welding procedures for specific underwater
repairs, not enough controfled experimental work was done to establish the following
essential parameters:

* Maximum allowable time between start of the primary weld beads and the start of
the temper beads. (Each primary bead that ties into crack susceptible base metal
is tempered before another primary bead is deposited.) Lengths of primary beads
do not exceed that which can be deposited with one electrode).

* Maximum acceptable distance between the toes of temper beads and primary
beads.

* Optimum temper bead heat input.

TEST PROGHAM
During establishment of the aforementioned parameters, test welds will be made

at -33’ on carbon steel plate that has been test welded to insure it's crack susceptibility.

(ASTM A537 Cl .1, C .20, CE .462). |
For determining the maximum allowable time between start of the primary bead

and start of the temper bead, the matrix for each test specimen will be:

* Deposit a 2 long primary bead-on-plate across a 5/8" x 2" x 12" crack susceptible
steel plate.



* Deposit & temper bead over the primary oead. For the first weldment, the tme
interval between the start of the primary bead and start of the temper bead wilf be
thirty seconds. For each of six weldments, the interval between primary beads
and temper beads will be increased in thirty second increments, up to 180
seconds.

* Each specimen will be examined in accordance with the AWS D3.6 procedure for
bridge bend tests except that bends will be 4T instead of 20°. If the bead on plate
tace bends do not reveal cracking, specimens will be polished, etched, and
examined at 100X magnification. (An additicnal weld will be made with no temper
bead).

For determining the maximum acceptable distance from the toe of temper beads
to the toe of primary beads, previously determined acceptable time interval will be used
to make 5/8" groove welds on crack susceptible olate at -33". Four welds will be made
with toe-to-toe distances being 1/16", 3/32", 1/8" and 3/16". Testing of each weldment
will include four macros examined at 100X, four hardness surveys and five charpy V-
notch HAZ impact tests.

After determining the maximum time interval and toe-to-toe distance, 5/8" groove
welds will be made to evaluate the effectiveness of the MTB wet welding technique in
reducing hardness and increasing notch toughness in the heat affected zone. Two
welds will be made at -33’ on material that, while not susceptible to HAZ cracking (<.40
CE), will be subject to unacceptable HAZ hardness and notch toughness at 28°F.

One weld will be made using the MTB technigue and the other will be made using
conventional wet welding procedures. Examination of the welds will include four macros
with hardness surveys and five charpy V-notch HAZ tests.

If the use of proper time intervals and toe-to-10e distances does not resutt in
hardness and impact properties that are comparable to above water welds, additional
welds will be made to determine optimum heat input. Three 5/8" groove welds will be
made on crack susceptible material at -33". Temper bead heat input will be progressively
increased through changes in welding current, rate of travel and pulse arc parameters.
Testing of each weldment will include four macros with hardness surveys and five charpy
v-notch HAZ impacts at 28° F.



CONFIRMATION WELDS
To complete this part of the wet weliding developmental program, and to provide

a base for work at deeper depths, all position 3/4" groove welds will be made on crack
susceptible material at -33' and examined in accordance with the requirements of AWS'
D3.6 for type A (dry) welds with the added requirement that weldments shall be aged =
72 hours at ambient temperature before examination. Ageing at 200%220° E. as
permitted by AWS D3.6 will not be done on any Phase | weldments. Five welds will be
made; one each in the flat, horizontal and overhead positions and two in the vertical
position. Orientation of the groove in the heat affected zone impact specimens from one
of the vertical weldments will be as shown in AWS D3.6. Impact specimens from the
other vertical weldment will be prepared for testing with the groove parallel to the heat

affected zone.

AWS D3.6-89 Specification of Underwater Welding defines Type B welds as wet welds and Type A (also
Type O) as dry welds. in the pending edition of AWS D3.6-93, underwater welds are categorized by Class
rather than Type and are not defined as wet or dry. The requirements for qualifying A welds and B welds
are unchanged, see Exhibit A for comparison of test requirements.



PHASE | - PART 1

MULTIPLE TEMPER BEAD WET WELDING TECHNIQUE

TEST MATRICES
MATRIX WELD TEMPER BEAD | TOETOTOE | HEAT 4T BENDS HARDNESS | CHARPY
NUMBER TYPE INTERVAL DISTANCE | INPUT OR MACRO SURVEY | V-NOTCH
(SECGNDS) (NCHES) | (KWmm) | ETCH @ 100X HV 10 @ 28°F
1 8EAD ON PLATE NO TR X
1 BEAD ON PLATE 30 116 LEVEL 1 X
1 8EAD ON PLATE &0 1116 LEVEL 1 X
1 SEAD ON PLATE %0 118 LEVEL 1 X
3 BEAD ON PLATE 120 1116 LEVEL 1 e
1 BEAD ON PLATE 150 16 LEVEL 1 X
1 BEAD ON PLATE 180 116 LEVEL 1 X
2 GROQVE ) 1116 LEVEL1 | MACRO ETCH X X
2 GROOVE (1) 32 LEVEL1 | MACRO ETCH X X
2 GROOVE m 178 LEVEL1 | MACRO ETCH X X
2 GROOVE m 6 LEVEL1 | MACRGC ETGH X X
3 (2) GROOVES @ ) LEVEL 1 | MACRO ETCH X X
3 3) GROOVES LEVEL 1 | MACRO ETCH X X
4 {2) GROGVES @) @ LEVEL2 | MACRO ETCH X X
4 (2) GROOVES @) ) LEVEL3 | MACRO ETCH X X
4 (2) GROOVES @) @ LEVEL4 | MACRO ETCH X X
5 (5) GROOVES ® ® ) AWS D3.6A X X

(1)  Optimum time interval as determined by Matrix 1.

(2) - Groove weld with MTB.

{3} Groove weld without MTB.

(4) Optimum time interval and distance as determined by Matrices 1 and 2.
(5) Confirmation welds.

(6) Optimum MTB welding technigues.



PHASE | - PART 1

MULTIPLE TEMPER BEAD WET WELDING TECHNIQUE

MATRIX SUMMARY - PART 1

WELDMENTS
MATRIX NO. | WELDMENTS TOTAL
MATRIX 1 7 7
MATRIX 2 4 4
MATRIX 3 2 2
MATRIX 4 3 3
MATRIX 5 5 5
~ TOTAL 21 21




PHASE | PART 2

POWER SOURCES AND AUXILIARY EQUIPMENT

BACKGROUND

Significant improvements have been made since the last comprehensive study was

made of welding power sources and auxiliary equipment for use in underwater wet
welding. During developmental work for specific projects, Global Divers has found that
for the welding of stainless steel for underwater repairs at nuclear power plants, a
variable pulse current output improves arc stability, weld metal transfer and weld bead
geometry. And, during the welding of high strength steels with nickel electrodes, an
inverter coupled with the pulse current device, provides the increased heat input that is
required for this type of welding. These and other combinations of power scurces and
auxiliary equipment can be expected to produce improved resuits when used for wet
welding with ferritic welding electrodes.

TEST PROGRAM

~ Combinations of power scurces including diesel powered rotary generators, transformer/

rectifiers and sold-state inverters will be used with and without manually controiled
variable pulsed current equipment and high frequency arc starter/stabilizers. A square
wave variablefintermittent polarity power source will also be used. Experimental fillet
welds (= 3/8") will be made at depths of 3" and 33'. Welds will include start/stops at
mid-length of each weldment.

Examination of weldments will include visual, two macros and a fillet weld break.
Weldments will be graded on weld bead geometry, amount of porosity, degree of root
penetration and lack of undercut. In addition to the examinations of the weldments, the
performance of the different combinations of power sources and auxiliary equipment will
be judged on:

* General weldability and fitness for purpose.

* Ease of arc initiation and maintenance.

* Arc stability.

* Welders control of weld bead configuration and rate of travel.



PHASE [ - PART 2

POWER SOURCES AND AUXILIARY EQUIPMENT
VERTICAL FILLET WELDS AT MINUS THIRTY-THREE FEET

TEST MATRIX 1
AUXILIARY ELECTRODE | POLARITY
POWER SCURCES EQUIPMENT |
GENERATOR NONE E 6013 STRAIGHT
GENERATOR NONE E 6013 REVERSE
GENERATOR NONE E 7014 STRAIGHT
GENERATOR NONE E 7014 REVERSE
TRANSFORMER/RECTIFIER NONE E 6013 STRAIGHT
TRANSFORMER/RECTIFIER NONE £ 8013 REVERSE
TRANSFORMER/RECTIFIER NONE E 7014 STRAIGHT
TRANSFORMER/RECTIFIER NONE E 7014 REVERSE
TRANSFORMER/RECTIFIER | ARC PULSE (2 LEVEL) E 6013 STRAIGHT
TRANSFORMER/RECTIFIER | ARC PULSE (2 LEVEL) E 6013 REVERSE
TRANSFORMER/RECTIFIER | ARC PULSE (2 LEVEL) E 7014 STRAIGHT
TRANSFORMER/RECTIFIER | ARC PULSE (2 LEVEL) E 7014 REVERSE
INVERTER NONE E 6013 STRAIGHT
INVERTER NONE E 6013 REVERSE
INVERTER NONE E 7014 STRAIGHT
INVERTER NONE E 7014 REVERSE
INVERTER ARC PULSE (2 LEVELS) E 6013 STRAIGHT
~ INVERTER ARC PULSE (2 LEVELS) E 6013 REVERSE
INVERTER ARC PULSE (2 LEVELS) E 7014 STRAIGHT
INVERTER ARC PULSE (2 LEVELS) E 7014 REVERSE
INTERMITTENT POLARITY NONE E 6013 -
INTERMITTENT POLARITY NONE E 7014 —

' The E 6013 electrode will be the one selected by global divers as the base electrode CSM will modify for use
during PART 3. THE E 7014 electrode is a commercially available wet welding electrode.



PHASE | - PART 2

POWER SOURCES AND AUXILIARY EQUIPMENT
OVERHEAD FILLET WELDS AT MINUS THREE FEET

BACKGROUND

BECAUSE OF THE 'DIFFICULTY IN MAKING WET WELDS IN THE QVERHEAD POSITION IN
SHALLOW WATER (< 107, THE TWO COMBINATIONS OF POWER SOURCES AND AUXILIARY
EQUIPMENT THAT DELIVERS THE BEST RESULTS AT -33' WILL BE USED TO MAKE

TEST MATRIX 2

OVERHEAD FILLET WELDS AT -3

POWER SOURCES | AUXILIARY EQUIPMENT | ELECTRODE f POLARITY
NO.1 NO. 1 £6013 |  STRAIGHT
NO. 1 NO. 1 E 6013 REVERSE
NO. 1 NO. 1 E 7014 STRAIGHT
NO. 1 NO. 1 E 7014 REVERSE
NO. 2 NO. 2 E 6013 STRAIGHT
NO. 2 NO. 2 E 6013 REVERSE
NO. 2 NO. 2 E 7014 STRAIGHT
NO. 2 NO. 2 E 7014 REVERSE

) THIS WET WELDING PHENOMENA IS ATTRIBUTED AN EXCESSIVE VOLUME OF GAS DUE  TO REDUCED

AMBIENT PRESSURE.




PHASE I - PART 2

POWER SOURCES AND AUXILIARY EQUIPMENT

TEST MATRIX SUMMARY
SERIES TOTAL
MATRIX 1 30
MATRIX 2 8
TOTAL 38




PHASE | - PART 3

ELECTRODE FORMULATIONS
BACKGROUND

Welding with shielded metal arc electrodes in underwater environment often presents
problems related to water depth and to the arc environment. Loss of alloying elements
in the weld pool, as well as weld properties deterioration, are observed with increasing
depth. Weiding electrodes that are adequately formulated must be used to adjust the
final weld pool chemical composition. The high moisture environment also poses a
significant problem because of hydrogen pickup from the surrounding water vapor which
resuits in severe weld metal porosity and cracking. Both requirements, a balanced weld
metal composition and controlled amounts of weld defects, demand more in-depth

knowledge of electrode formulation for improved performance in underwater wet welding.

E6013 grade electrodes, common in structural welding of steels, are also used in
underwater welding of low carbon medium strength steels. However, these electrodes
are lean in alloying elements, thus incapable of producing weld metals of high strength
and toughness. The elevated hydrogen content of the weldments produced by these
electrodes is another concern. Improvements in electrode coating must be made to
maximize weld strength and toughness, and to minimize weld metal hydrogen pickup.
Non-hygroscopic flux ingredients and higher temperature baking schedules are some of
the methods that will reduce the amount of moisture in the electrcde coating. However,
an optimal amount of moisture should be retained in the electrode coating to promote

adequate penetration and shielding.

Underwater wet welds also experience considerably higher cooling rate than surface
welds prepared using equivalent welding parameters. As a result, underwater welds
generally contain large amounts of bainite and martensite, which are hard and brittle.
Methods to increase the toughness of underwater wet welds with increased amounts of
acicular ferrite must be developed. Multiple temper bead and plasma arc post- weld heat

treatment are some of the techniques being investigated. However, development of
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improved electrode fermulations appears to be a more sconomical sclution, and will be
less dependent on welder skill. Tailoring the type and amount of alloying elements and
flux ingredients added to the electrode coating will promote the formation of acicular

ferrite and minimize hydrogen pickup in the weld metal.

OBJECTIVE

The objective of the proposed research program is to investigate the effects of several
alloying elements and flux ingredients on electrode weldability, microstructure and
properties of underwater wet welds. Experimental E6013 grade electrodes will be
designed and manufactured at CSM. Underwater wet welds will be performed by Global
Divers. Data on arc stability, chemical elements transfer, weld bead morphology, weld
metal microstructure and mechanical properties will be gathered and evaluated. The
results of this research will provide sound engineering and scientific basis for the design
of shielded metal arc electrodes for underwater wet welding at various water depths.

PROGRAM

The proposed program consists of first identifying a commercial E6013 grade electrode
as the base electrode for maodification. (Global Divers will identify and provide the base
electrode to CSM.) The major flux ingredients of the coating of this commercial electrode
will be used as the primary composition of the experimental rods. The alloying elements
currently under consideration are manganese (1.0, 1.5 and 2.0 weight percent) and
nickel (.5, 1.0, 1.5 and 2.0 weight percent), known to improve significantly the strength
and toughness of low carbon steel weldments. Titanium and boron will also be added.
The optimal range of titanium and boron for acicular ferrite formation, determined
previously as 200 ppm and 20 ppm, respectively, will be used in the coating composition
in the experimental electrodes. In terms of flux ingredients, the major ones under
consideration are CaCQO, and Li,SiO,. 1t is the intent of this program to determine an
optimal addition of CaCQ, for weid pool shielding, low hydrogen pickup in the weld
metal, and smooth bead surface. Two levels of calcium carbonate wiil be tested. The
amount of lithium silicate that will provide a non-hygroscopic and extrudable coating will

also be investigated in this program.

i1



A total of 24 batches of experimental E6013 grade electrodes will be formulated and
manufactured at CSM. A minimum of 40 electrodes from each batch will be delivered
to Global Divers for further processing and underwater wet welding. Multiple-pass bead-
in groove welds will be required. Each weld coupon must be large enough for the
extraction of all weld metal mechanicai testing specimens. Hardness and side bend
tests will be performed on representative weldments of all experimental electrodes.
Based on the results of the two tests, tensile and Charpy-V-notch tests will be dene on
selected specimens. Quantitative metallography of the weldments will be performed
using light microscopy. The resuits will be used to relate porosity and microstructure to
mechanical properties. Complete chemical composition of the welds including interstitial
analysis will be determined to evaluate the effectiveness of the slag systems in weld pool

protection and alloying element recovery.

WORK STATEMENT

1. Identify one commercial electrode as the base composition for electrode
formulation.

2. Formulate and manufacture 24 batches of experimental electrodes; forty
electrodes minimum from each batch. (8 batches delivered during 2nd , 6th and
10th month of program.

3. Characterize the macrostructure (bead morphology, surface condition, and internal
defects) of the 24 sets of underwater wet welds produced.

4, Perform hardness tests on all 24 sets of underwater wet welds produced.
Perform side bend test on ali 24 sets of underwater wet welds produced.

Perform all-weld-metal tensile and Charpy-V-notch tests on selected specimens;
no less than four of the 24 sets will be tested.

7. Characterize quantitatively the microstructure of the underwater wet welds that
have undergone mechanical testing.

8. Determine the chemical composition of all 24 sets of underwater wet welds
produced.

9. Develop a knowledge base of the effects of flux ingredients on glectrode
weldability and weld metal properties for future design of underwater wet welding
glectrode coatings.

12



iC.
11.

12.

Prepare semi-annual summary reports cf project research activities.

Prepare yearly progress report of projectresearch activities, and propose research
plans phase L

Eormulate and manufacture weiding electrodes tor Part 4 welding procedures.

13



PHASE | - PART 3
ELECTRODE FORMULATIONS

TEST MATRICES

BASE ELECTRODE WELDMENTS

Based cn resuits of previous developmental work by Global Divers, the number of
potential base electrodes for modifications by CSM has been reduced to three. Final
evaluation of these electrodes will include, for each electrode, a straight and a reverse
polarity fillet weld to determine best polarity (least porosity) and a vertical groove weld.
Eight side bend specimen from each weldment will be tested to compare ductility of the
three weldments. The best of the three electrodes will be used to make an all-weld-metal
tensile and weld metal charpy impact weldment for comparison to weldments made in
Part 4.

ELECTRODE FORMULATION WELDMENTS
Twenty-four groove welds will be made. Weldments will be long enough for CSM to
perform the examination described in the Part 3 Work Statement.

TEST MATRIX SUMMARY

Six fillet welds, one all-weld-metal tensile and impact weldment and twenty-seven groove
welds will be made at -33.
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PHASE | - PART 3
ELECTRODE FORMULATIONS

Matrix 1 - Identify base electrode (10 weldments)

Matrix 2, 3 & 4 - Make twenty-four 3/4" x 14-1/2" groove welds for CSM evaluation.

TEST MATRIX SUMMARY

SERIES TOTAL
MATRIX 1 10
MATRIX 2 8
MATRIX 3 8
MATRIX 4 8
TOTAL 34

A-14



PHASE | - PART 4

WELDING PROCEDURES

BACKGROUND

Objective of the final part of Phase | will be to determine to what degree the state of the
art of underwater wet welding has been advanced by the developmental program. This
will be done by making welds with the best combination of experimental electrode,
optimum muiltiple temper bead technique and power source/auxiliary equipment.

WELDING PROCEDURES
All position groove and fillet welds will be made at -3' and -33' and examined in
accordance with the requirements of AWS D3.6 for Type A (Dry welds).

For qualification of all position Type A fillet welding procedures, AWS D3.6 requires afillet
weld in each position, one fillet weld shear/tension weldment and one all-weld-metal
tensile/impact weldment. (Six weldments) examinations specified for the fillet welds are
visual, two macros, one hardness survey and a fillet weld break. The all-weld-metal
tension/impact weldments, and examination requirements are included with information

reference the welds that will be made from -3' to -165".

For qualification of all position Type A groove welding procedures, AWS D3.6 requires
a groove weld in each position and one all-weld-metal tension/impact weldment.
Examinations of the groove weldments will include visual, radiographic, two macros with
hardness surveys, two reduced section tensiles, four 2T side bends and five HAZ and
five WM Cha?py impact tests at 28° F. The all-weld-metal tensile/impact weldment is
included in the following group of weldments.

All-weld-metal tensile and impact weldments will be made at depths of 3', 33’, 66’, 99,

and 165. AWS D3.6 Type A examinations will include one all-weld-metal tensile test and,
five weld metal charpy V-notch impact tests at 28° F.
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Base meral for all weldments will be test-proven crack susceptibie carbon steel. (ASTM

AS537 Cl .1, C .20, CE 462).
Welding procedure specifications will include, as developed during Parts 1, 2, and 3, the
optimum multiple temper bead wet welding procedurs, the preferred combination of

welding power source/ auxiliary equipment and the best welding electrode from CSM

16




PHASE | - PART 4

TEST MATRIX
Matrix 1 - Qualification of all position fillet welds at -3’ and -33 (! 10 weldments).
Matrix 2 - Qualification of all position groove welds at -3' and -33" (‘) 8 weldments).
Matrix 3 -  Make all-weld-metal tensil and charpy v-notch impact weldments at depths

of 3', 33, 66°, 99" and 165"

MATRIX SUMMARY - PART 4

MATRIX NO. WELDMENTS
MATRIX 1 10
MATRIX 2 8
MATRIX 3 5

TOTAL 23

M All weld-metal tensile/impact weldments for Matrices 1 and 2 are included in Matrix 3.
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Appendix i

7//3‘ SOUTHWESTERN LABORATORIES o

222 Cavalcode Sueet. PO, Box 8768 Hpwuston, Texas 77243 (P13 £92.915)

ditention: Par Hays Report No: 30014
American Alloy Steel : File No: 12-0432-00
Past Office Box 40469 Date: 02/12/93
Houston, Texas 77040 P.O. No: 21398

Project: Chemical Analysis of Stecl Alloy

PROJECT INFORMATION

Material: Two - Plate coupons
Identification: See Below
Date Received: February 10, 1993 Technician: L. Bui, G, Klein
Specifications; N/A Date of Test:  February 10 to February 12,
Test Equipment:  Siemens SRS-200, 1993

Leco IR-212 Carbon Procedure: ASTM E322, E1019

CHEMICAL COMP'OSITION (WT. %)

Specimen

Identification C Mn_ P S. Si. Ni Cr. Mo _Cu V. _Ch CE

Plate A46677 0.20 150 0.014 0.019 038 003 002 <001 0.0 <0.0! <0.01 Vo2
Heat 79006 .

Stze 3/4% x

" x 2"

Siab 12

Mlg: RAUTA

Note:  The submitted material will be discarded after a period of thirty (30) days unless
otherwise directed.

SOUTHWESTERN LABORATORIES

ns Reviewed Dy

Qur lelters and reports are for the exclusive use of the ciient 1o whom they are addressed. The use of our name must receive ou oriny wrilten annrownd M faltare
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APPENDIX 11X

SRC ENGINEERS, INC.
P.0. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 6-28-93 P.O. No. GD406244

Company: Global Divers & Contractors, Inc.

Test: AWS D3.6-93 Bridge Bend Test for Class C Welds

Test Performed on: _Weld Sample 3/4" X 8"Lg. (No T.B.)

Welders Name: Darrvl Phillins

This Cervificate may not bs altersd, deleted from, published and/or used except in full.

20° BRIDGE BEND TEST

SAMPLE TYPE & NUMBER RESULTS

Fl1 Failed in HAZ
F2 Failed in HAZ
F3 Failed in HAZ
F4 Failed in HAZ

EQUIPMENT UTILIZED FOR TEST

Type: Guided Bend Tester

Manufacturer: CRC

4 e
Certified By: /anur/£;LM$mfﬂwx4/7 Date: ©-2%® -9
Tim J. Broussard
SRC Engineers, Inc.
Reviewed By: Date: e - 2E - P2

GLOBALL . BND



S22%\| Giobal Divers Sheet _ 1 of
& Contractors. Inc. WO No.  ED-011-93
O, MATERIALS JOINING WORK REPORT
Part 1 Confirm A537 Cl.1 Crack Sensitivity

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4346
Mat? (1) A 537 Grade Gl Matt (2) Grade
Hi/Slab No. _ 79006-12 7 Hi./Slab No.
Thick 58 3/ in. Dia. in. - Thick in. Dia. in.
Clectrode (AWS) E 68013 A5 TN _Program Ex 7 Mir. _Proprietary Clry
Process SMAW Curent/Polarity CC/DCEP/PULSE  Joint Type _V-GROOVE Posttion _3G
Water Depth __ 33 Dry Wet X

Welding Variables:

PASS DA, | AMPS 1PM _
1&2 18" 155 - 160 58 PPS - 125
FILL 3-35 18" 155 - 160 6.4 PW - 50%
CAP 36 - 41 18" 155 - 160 9.1 Background - 30%
Weld Time - 55 Min.
No Temper Beads Were Used.
Welder: Darrvi R. Phillins Date:  £-25-93
Welding Joint Skeich: Welding Techniques:

Stringer Beads with all passes downhill.




Global Divers Sheet 2 of 2

& Contractors, Inc. W/O No. _ED-011-93
Tension Tests: {Reduced SectiorVAll-Weild-Metal) N/A
' SPECIMEN OREENT: ' | 'ULTIMATE'S. | YIELD'S."' | ELONGATION |  FAILURE .
1
2

Bends: AWS D3.6 20° Bridge Bend Test for Class C Welds

SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1 X FAILED IN HAZ
2 X FAILED IN HAZ
3 X FAILED IN HAZ
4 X FAILED IN HAZ

- Chemistry: AS37 ClA

CTR

LAB | 482 20 | 150 | 014 | 018 | .38 .03 .02 .01 03 01 Ri3 — —

Hardness (Vickers/Bockwell):  N/A

BASE METAL (AVG.)

HAZ (MAX)

HAZ (AVG)

WM (MAX)

Pumose of Test; Confirm crack susceptibility of A537 CI.1 {C.20, CE.462) Program material.
Hemarks & Evaluation: Four of four bridge bend specimens failed in HAZ at approx. 10°.

Four of four macros had HAZ cracks when examined at 50X magnification.

e d ’
By: C.E, Grubbs /7/// A’(A\,// A/ Date: 6-25-83 Rev: —




APPERDIX 1V
SRC FENGINEINRS ITIC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La,.

TEST PERFORMED: Macro Etch on weld sample (No T.B.)
P.0O. #GD406244 Weld Sample-~ 3/4" x 8" ({#2y 3G

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Evidence of Hydrogen Cracking were found near
the cap of the weld. Cracks were visible at

50X.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Qlympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

Certified By: ':Z:;:j /52§;n¢ex»rfﬁf/’// pate: __ ~/~73

Reviewed By: N;gﬁé%%ﬁiﬁf/igé%%fﬂw~ Date: & 7./ —5.3

GLOBALS . MAC



SRC ENGINERERS , INC -

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HNAME: Global Divers
New Iberia, La.

i

TEST PERPORMED: Macro Etch on weld sample (o T.B.J
P.O. #GD406244 Weld Sample- 3/4" x 8"(#3) 3G

Specification: In acceordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Evidence of Hydrogen Cracking were found near
the cap of the weld. Cracks were visible at

50X%.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

e ,ﬁé%lubg“~4‘57, )
Certified By: /e pate:__ 7-/-73
N T /«} ,
Reviewed By: mgggé%aﬂmivz’éeﬁ%%%»-- Date: o7 -crs-53

GLOBALS - MAC




SRC ENGINEERS . TINC: -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710

COMPANY HAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample (No T.B.)
P.O. #GD406244 Weld Sample- 3/4" % 8*(#4) 3

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Evidence of Hydrogen Cracking were found near
the cap of the weld. Cracks were visible at

50X.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job HNo. §2-352

Certified By: ﬁ%«‘/ pate:_ /-/~9 3

Reviewed By: é§22§%ﬁ?2§{122%%?uh_w Date: p7-cr—%.2

GI{BALS . MAC




MULTIPLE TEMPER BEAD WET WELDING TECHNIQUE (PHASE | - PART 1)
The multiple temper bead (MTB) wet welding techniqgue was developed to prevent

hydrogen-induced underbead cracking in the hardened heat affected zones of crack-susceptible
high strength steels. The carbon equivalent of these steels generally exceeds 0.40 wt. pct. The
procedure has been qualified and used to repair ship hulls and offshore structures of materials
that have demonstrated crack susceptibility (typically with carbon equivalents ranging from 0.416
to 0.455 wt. pct.). Also with adequate temper bead heat input, the technique is capable of
significantly reducing HAZ hardness and improving Charpy V-notch impact properties.

To turther strengthen the position of multiple temper bead technique as a viable
engineering solution to welding high carbon equivalent steeis in an underwater environment,
several essential process parameters must be better determined and demonstrated in controlled
experimental conditions. Global Divers identified the following three parameters as the most
critical ones that must be examined in Phase | Part 1 of the experimental program:

1. Maximum allowable time between start of the primary weld beads that tie-in to the
base metal and start of the temper beads.

2. Maximum acceptable distance between the toes of temper beads and primary
beads.

3. Optimum temper bead heat input.

Maximum Allowable Time Between Primary and Temper Beads (t,, )

The maximum acceptable time interval between the deposition of primary weld beads on
crack susceptible base metal, and the deposition of temper beads, is related to the time for
hydrogen-induced cracks to develop in wet weldments. Since the development of cracks can
also be related to microstructure, the maximum time allowable between the deposition of the
primary and temper beads must also be related to the kinetics of austenite decomposition to
form martensite. [t is desirable to have a long time interval between deposition of primary and
temper beads because of better options for sequence and timing of weld bead deposition.

Initial efforts to determine the maximum acceptable time between the deposition of the
primary weld beads on the A537 base metal, and deposition of temper beads over the primary
beads consisted of laying down single primary beads-on-plate followed by single temper beads
deposited at different time intervals. This approach was, however, unsuccessful and the welds

Fitinalpt 996 3-1



exhibited gross HAZ cracking. After a 4T bend, the entire weld metal "slug” separated from the
base metal as shown in Figure 3. The negative result can be attributed to the difficulty in travel
speed control while attempting to maintain an adequale toe-to-toe distance between the two
beads.

Weld deposition scheme

The welder's control over travel speed and heat input was restored by the following
procedure:

aj On each of the time interval test plates, an 8" long weld bead was first deposited
above water.

b) With test plates at -33', the wet primary weld bead was deposited parallel to, and
slightly overlapping the dry weld bead.

c) With the wider area of weld metal, the welder had complete control over travel
speed, bead morphology (size and geometry} and heat input as he deposited the
temper beads over the wet primary beads.

With the smali degree of overlapping, the dry welds did not appear to affect either the deposition
behavior of the underwater primary and temper beads, or the performance of the temper beads.
The presence of these prewelds did not alter the significance of the time interval determined.
However, the dilution of the wet primary bead had changed as a result of the weld bead
deposited above water. Figure 4 shows the cross section of a weld specimen, illustrating the
overlapping weld deposition sequence according to the scheme described.

For time intervals, t,, , ranging between 30 and 210 seconds, two 10" long plates were
laid out and welded as shown in Figure 5. A photograph of experimental welds to determine the
1, is shown in Figure 6. The combination of different weld sequences (directions of welding)
with start delays allowed for the preparation of specimens that experienced different times
between the primary and temper bead. A total of eleven time intervals were obtained from the
two sets of welds. Eleven cross sections (at 15 to 30 second intervals) corresponding to the
eleven time intervals described above were removed from the two weldments and examined for
hydrogen induced underbead cracking in the HAZ

Instead of the 5X magnification specified by AWS D3.6, 100X magnification was used to
evaluate the eleven specimens for underbead cracking. The higher magnification was to ensure

ipinadn 085 3-2



a more rigorous testing procedure than that called for in the AWS D3.6 specification. Six
specimens were found to be crack free. These welds correspond to the ones on which temper
beads were deposited at 30, 45, 105, 120, 135, and 185 second intervals. The Material Joining
Work Report for the 30 to 210 second welds, and the test results of the 30 seconds At, weld
are shown on the following pages. The test reports of the other sound welds are included in
Appendix V.

The remaining five specimens (corresponding to t,, of 60, 80, 150, 180, and 210 seconds)
exhibited some fine cracking which required more detailed examination. The test report of the
60 seconds t, weld is shown in the following pages. The test reports of the other four weld
specimens with cracks are included in Appendix VI. Descriptions of cracks observed in these
welds are given in Table Il

Upon recommendation of SRC Engineers, Inc., CSMwas requested o examine these five
weld specimens. Microscopic examination using magnifications as high as 1000X was
performed to observe the cracks. Some of the lower magnification (100X) micrographs, Figures
7 to 11, are included in this report. Figure 7 shows several cracks observed in the specimen
of 60 seconds t,,. The interconnected cracks are oriented along the rolling direction, which
indicates a relationship to base metal inclusions. Some inclusions are known to act as hydrogen
traps. However, the jagged appearance of the crack also reminds of hydrogen cracking.

Figure 8-A shoWé a photograph of the cross sections of the specimen of 90 seconds t,,
indicating the presence of hydrogen cracks. The cracks, located in the coarse grained heat
affected zone of this weld, are clearly visible in Figure 9. However, the crack appears to have
occurred because of the location of the crater. With the extinction of the arc, the lower arc
energy and the collapse of the shielding gas column contribute to a large influx of hydrogen.
This explanation seems {0 be reasonable since the opposite side of the sample did not show any
evidence of cracking, Figure 8-B.

it 905 3-3



Global Divers Sheet 1 of 2
& Contractors, Inc. WIO No. __ED-007%-83
MATERIALS JOINING WORK REPORT

Part 1 MTB Time Intervais, 30 thru 210 Sec's

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-43458

Matl (1} A 837 Grade Ci Matl (2) Grade

Mi/Slab No,  76008-12 Ht./Slab No.

Thick 58" in. Dia. in. Thick in.  Dia. in,

Electrode (AWS) E 8013 A5 1/E 7018 AS.1 TN _Program Ex 7A.H-718-Mo  Mir. _Proprietary/Hobart  Ctry

Process SMAW Currert/Polarity CC/DCEPPULSE  Joint Type BEAD-ON-PLATE Pasition _3G
Water Depth 33 Dry Wet X
Welding Variables:
BOP i 18" 155 30 8.0 Dry weld (E 7018)
BOP 2 1/8° 165 30 78 Wet Primary Bead (E 6013)
Temper 3 1/8" 155 - 180 28 - 30 6.5 Wet Temper Bead (E 6013)
Welder: Darryt B, Phillips Date: _6-21-93
Welding Joint Sketch: Welding Techniques:

Bead-on-plate downhill. Times between stant of primary
bead and start of temper beads vared from 30 sec’s to
% 210 sec's in approximately 30 sec irervals. (See sketch

of plate layouts).

a — Dry Weld Bead b -~ Wet Primary Bead
c — Wet Temper Bead




Global Divers
& Contractors, inc.

Sheet 2 of 2
WO No.  ED-Q07X.93

N/A

Tension Tests:

(Reduced Section/All-Weld-Metal)

. ORIENT

1

2

Bends: N/A

SPECIMEN ROOT FACE SIDE RADIUS RESULTS

1
2
3
4

Chemistry: A-537 ClA

CTR
LAB | 462 20 | 180 1 014 | 019 38 03 02 01 .03 Ot 01 e e
N/A

BASE METAL (AVG)

HAZ (MAX)

HAZ (AVG)

WM (MAX)

Purposa of Test:

Remarks & Evaluation:

Detenmine maxirmum acceptable time between start of primary weld beads and start of
termper beads. (How long does it take for hydrogen induced underbead cracking to occur

in the HAZ of wet weids)?

the 60, 80, 150, 180 and 210 second specimens.

Al < 100X, no cracks were detected when temper beads were deposited at 30, 45, 105,
120, 135, and 185 sec’s intervals. See attached report reference anomalies detected in

Date:

8y, CE Gubbs 5. Lo

6-21-83

Rev:




SRC ENGINEERS, INC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318} 837-5710

COMPANY NAME: Global Divers
New Iberia, La,

TEST PERFORMED: Macro Etch on weld sample
P.0O. #ED106064 Underwater Weld Sample-30 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.

No evidence of any Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92~-352

Certified By: S e Date: 6“Z?L-»?,5

Date: ¢ ~<F 53

Reviewed By:




SRC ENGINEERS , L INC o

§37-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HNAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.O. #GD106064 Underwater Weld Sample-60 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Indications of Unidentified Cracks were found.
Further study of these cracks by the Colorado

School of Mines is advised.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

Certified By: M?f;;; ;2éég;5$ﬁhfwf4’//‘Date= & -2 Ty

Reviewed By: uégﬁmgﬁigfjf iﬁgé%%afmm Date: 6 - 2L -F3

GLOBAL MAC



HAZ Crack in Bend Specimen Due to Lack of Temper
Bead Heat Input in Primary Bead on A537 Ci.1 (CE .462) Platle

Fig. 3



Cross Section of Weld Beads on Plate
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(BASED ON 8" LONG WELD BEAD PER MINUTE)

¢ _ATE LAYOUTS FOR TIME INTERVALS BETWEEN PRIMARY BEADS AND TEMPER BEADS

PLATE #1
e— 50 bz 445 i 2} i 4 5 b (3 Primary Bead
Rightto Left
—f 50 e—735 ] 207 wwiia) =) Temper Bead
. .| RighteoLefi
WELD BEADS ON PLATE
PLATE #2
<— 50 - 45 <— 36 i | 55 — () Primary Bead
Fight to Left
~2d 30) -t 45 60— 180 - 795 -4210 Temper Bead
_ Left to Right
kS — & - " -
WELD BEADS ONPLATE
2“ _— 2!! 2!’& 1 ﬂ__:\‘-

lﬁ'—"'z H_*&““M 2!]

Primary Bead - Number of Seconds.

Temper Bead - Number of Seconds, After 30 Seconds Start Delay.

* . Start/Stop

Heacds,

. 120 Second Delay.

Figure 5




First Experimental Weldments to Determine Maximum Acceptable Time Interval

Between Start of Primary Weld Bed and Temper Bead

imen

Bridge Bend Speci

x 12"

AWS 2"

Fig. 6



at

section 60. (100X, Nital Etch)

Figure 2. A photomicrograph of the cracks noted in left weld pass HAZ of macro-




Cross Section of 90 Second Time Interval Weldment

Input)

of Heat

Bead (Lack

Hydrogen Crack in HAZ of Primary Weld Bead

Due to Concave Temper

rig. 8 A

Reverse Side of 3/8" Cross Section Had

| Temper Bead and No Cracks

Ful

Fig. 8B



Figure 3. A photomicrograph of the oracks noted in left weld pass HAZ of macro-
section 90. (100X, Nital Fich)

Fig. 9



Table Hl. Description of the Cracks observed in the Multiple Temper Bead Weldments

Time between

Primary and Description of Crack
Temper beads (Interpretation by Scientific Testing Laboratories, Inc.)
(tpfl)
80 seconds Several smail cracks in the HAZ of the left weld pass (wet

primary weld bead). Identification of the type of cracking was
not possible at 100X magnification. The cracks are aligned
with elongated MnS inciusions. Such type of inclusions are
known as excellent sites for hydrogen entrapment.

80 seconds Micro-examination (100X magnification} showed typical
hydrogen induced cracking in the HAZ of the left weld pass
(wet primary pass). [Later visual examination of the specimen
revealed excessive concavity in the temper bead (weld crater)
which resulted in inadequate heat input where the cracking
occurred. Reverse side of 3/8" thick specimen was examined
at 100X magnification and found to be without anomalies.]

150 seconds Fine cracks in the HAZ of the right weld pass (Dry E7018 weld
bead). Identification of type of cracks was not possible at
100X magnification.

180 seconds A maze of small cracks in the HAZ of the right weld pass (Dry
E7018 weld bead).

210 seconds Dr. 8. Ibarra (Amoco Research) examined this specimen and
detected no hydrogen induced cracking in the HAZ.

Figures 10 and 11 show multiple fine cracks located in the heat affected zones of the
weld specimens of t,, of 1560 and 180 second. These cracks are intergranular, typical of
hydrogen cracking. However, since these welds were deposited dry, these cracks are not
related to the multiple temper bead procedure.

Based on examinations by SRC Engineers, CSM, and reexaminations by Scientific
Testing Laboratories of the vertical groove welds made with the Program EX7 electrodes on the
ASTM A537 Class 1 steel plate, none of the typical hydrogen induced underbead cracking were

sipinalpl 985 3-15
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detected in the HAZ of the eleven weldments. With this information established for welds made

with time between deposition of primary weld beads and start of temper beads ranging from 30
to 210 seconds (3.5 minutes), welds were made with the time between beads extending from
four minutes to four hours with the following results when examined at 100X:

Results
* Four minutes to ten minutes with thirty second intervals. No HAZ cracks.
* Ten minutes to sixty minutes with ten minute intervals. No HAZ cracks.
* One hour to two hours with thirty minute intervals. No HAZ cracks.
* Two and one-half hours to four hours with thirty minute intervals. All specimens

had typical HAZ hydrogen induced cracking.

Results of examinations of welds made with time between deposition of primary weld
beads and temper beads varying from four minutes to four hours are reported in Appendix VIl
Supplemental Information (Two Reports)

1. Subsequent to the completion of the scheduled program welds that were made to

determine the maximum acceptable time between deposition of the primary weld beads and
lemper beads, the following supplemental welds were made possible by the assistance of Mr.
Tom West.

At the time Mr. West was overseeing an underwater wet welding research project for the
U.S. Navy which involved using nickel electrodes to weld crack susceptible ASTM A516 Grade
70 (CE .44 wt. pct.) normalized 3/4" steel plate. While making a weld with commercial ferritic
electrodes to confirm the crack susceptibility of the material, the underwater welder saw typical
hydrogen cracking in the HAZ of the base metal. Because this had not occurred when making
any of the many welds Global Divers made on the A537 Class 1 (CE .462) material with the
Program Ex 7 electrodes, Mr. West provided enough of the A516 Grade 70 plate for Global to
make two vertical 3/4" groove welds with the Ex 7 electrodes. Both welds were made at -33 ft,
one was made using the multiple temper bead wet welding technique and the other was made
with no intentional use of temper beads. {The welds that developed cracks during welding and
the two welds made by Global were made in south Louisiana in August, so water temperature
was not a factor). While making the weld with no temper beads, the welder looked for, but did

fiotinait 085 3-18



not see any cracks in the HAZ and no cracks were detected in the HAZ when the completed
weld was subjected 1o magnetic particle examination. Four cross sections from each of the two
welds were later examined by SRC Engineers at 100X and 400X magnification. Hydrogen
cracks were detected in three of the four specimens taken from the weld made with no
deliberate effort to use temper beads. (Some weld beads that tie-in to the base metal may be
tempered regardless of the welding technigue). The SRC test results are shown on one of the
following pages.

2. Listed below are examples of materials that, when being welded with other than Ex 7
electrodes, developed HAZ hydrogen cracks before the welds were completed. (All
weldments were restrained):

* ASTM A518, Grade 70 (CE .44) - "welder saw cracks as weld was being made".

* ASTM A516, Grade 70 (CE.37) - "before capping the weld, welder saw cracking
in the heat affected zone".

* DH 36 (CE .43) - "HAZ cracks seen by welder after, or during, laying down third
tayer of weld beads”.

* BS 4360 Grade 50 D (CE .416) - "welder saw HAZ cracks while making a severely
restrained 3/4" fillet weld".

* BS 4360 Grade 50 D (CE .416) - "rusty cracks in HAZ of fractured surfaces of
bend specimens indicated that cracks developed while the weldment was still
underwater”.

The importance of the test results of welds made with the Ex 7 electrodes on the A516
Grade 70 (CE .44) material, and the experiences of using other electrodes to weld the five other
crack susceptible base metals, is discussed in the MTB Conclusions section of this report.
Maximum Acceplable Distance Between the Toes of Primary and Temper Beads

The effectiveness of the multiple temper bead technique is intimalely related to the
thermal profile that the temper bead imposes on the primary bead. Thus, the location of the
temper bead with respect to the primary bead is a critical factor in this procedure. It is desirable
to determine the significance of requiring an "exact” toe-to-toe distance between the primary and
temper beads. if an exact toe-to-toe distance is not required, what is the maximum distance
between the primary and temper beads without the risk of HAZ hydrogen cracking and

Fpitnalpt 998 3-19



mechanical properties deterioration in a crack susceptible base metal?

Four 5/8" groove welds were made on A537 Cl.1 steel plates in the vertical position. The
toe- to-toe distances were 1/16", 3/32", 1/8”, and 3/16". The time between start of primary weld
beads and temper beads ranged from 90 to 120 seconds. Weld examinations included
microscopic, four weld cross sections from each weldment were  examined at 100X
magnification, four hardness profiles from each weldment at Vickers 10 kg load, and five Charpy
V-notch impact tests at 28° F. For statistical significance, the highest and lowest impact energy
were discarded and the remaining three averaged for reporting as specified by AWS D3.6 for
Class A welds. A Global Divers work report on the 1/16" toe-to-toe distance welds is included
in the following pages. The other reports (for d,, of 3/32", 1/8" and 3/16") are compiled in
Appendix VIl

Microscopic Examination

Microscopic inspection of the weld specimens did not detect any cracking, which
demonstrates that even with a toe-to-toe distance of 3/16", there was enough temper bead heat
input to prevent HAZ hydrogen cracking.

Vickers hardness measurements

Vickers 10 kg hardness surveys were made on four cross sections from each of the
weldments. A schematic drawing of the cross section #1 of weld 1/16" d.s, has been included
as Figure 12 to show the locations of the hardness readings. In general, a total of twenty eight
hardness readings were made on each weld specimen: twelve in the weld metal, twelve in the
heat affected zone, and four in the base metal. The average hardness readings are summarized
in Table IV.
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Global Divers Sheet 1 of 2

& Contractors, Inc. W/O No.  ED-007-93
MATERIALS JOINING WORK REPORT
Part 1 MTB Toe-to-Toe Distance 1/16™

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4345
Matl (1) A B37 Grade Cl1 Matl (2) Grade
Ht/Slab No. _ 79006-12 Ht/Slab No.
Thick 58" in. Dia. in. Thick in. Dia. in.
Electrode (AWS) E 6013 A5.1 TN _Program Ex 7 Mir. _Proprietary Ctry
Process SMAW Current/Polarity CC/DCEP/PULSE  Joirt Type _V-GROOVE (8"  Position 3G
Water Depth __ 33 Dry Wet X
586 Temper beads were deposited on all
1/8" 150 - 160 28 - 30 6.3 beads that tied into the base metal.
1/8" 155 30 9.4 Toe-to-toe distances were 1/16".
§ il AVG 18" 155 30 8.6 Number of passes -33. Elecirodes
CAP AVG 18" 158 an 9.2 consumed -37. Weiding time 54
miniites,
e MWW%
Woeider: Darryt R. Phillips Date: 6193
Weiding Joirt Skeich: Weiding Techniques:

Stringer Beads with all passes downhill,

.

J L 116 3
! 3ra




Global Divers Sheet 2 of 2
& Contractors, Inc. W/C No.  ED-007-93

Tension Tests: (Reduced SectionVAll-Weld-Metal) N/A

Bends: N/A

SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1

LAB | 482 20 | 150 | 014 | 019 | 38 .03 02 .01 03 01 01 — —

Hardness (Vickers/Rockwell): Vickers 10 kg, combined test results on four macres.

BASE METAL (AVG.) 187 189
HAZ {MAX) ags 434
HAZ (AVG) 259 256
WM (MAX) 240 210

Purpose of Tast: Determine maximum acceptable distance between toes of primary heads and toes of
temper beads.

Remarks & Evaluation: See HAZ hardness tests, 6 each side on .5mm center, under oe of cap where maximum
hardness can be expected. Charmpy v-notch HAZ impacts at 28° F. averaged 72 ft. ibs.
with 70% shear. Base metal charpys averaged 86.7 K. Ibs. with 100% shear. No HAZ
cracks at 100X,

By: __ C.E. Grubbs % /“ﬁ. Date: 6-1-93 Rev: —




SRC ENGINEERS , LINCE .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.Q. #GD106306 Underwater Weld Sample #1(1/16")

3G - With T.BE.
Specification: In accordance with AWS D3.6
HARDNESS TEST DATA: Vickers 10kg
v 212 ‘92 207 e
Y oass 4‘231/ ’
\\\ 232 S
Y 25;‘ 193 172 zes ',/
1o4 rez vmsn e B s zcs ics
“ P
~ 18w a7 7
AN 14N 189 203 243 /!
260 a7

Note: HAZ Examined at 5X, 40X, & 100X Magnification

EBEQUIPMENT UTILIZED FOR TEST

Type: Tukon Model IR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

Certified By: /[ 2w JFArii pate:_& ~/#- 7=
1
} )
Reviewed By: _EQA % ,./%a?\/ Date: B /¢.,}?f

VICKERS . .WLD

FIGURE 12




SRC ENGINEERS . ANC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {(318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample

P.0. #GD106306 Underwater Weld Sample #2(1/16")
3G - With T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 1l0kg

12
z 204 182 3657

Tik
s

175 //
196 239/,/
18

240 181 183

e

\3a¢

327

185
193 375////ﬁ15 ///
252

Note: HAZ Examined at 5X, 40X, & 100X Magnification

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: Jamaary 18, 1993

SRC Job No. 92-352

Certified By: ’ﬁ7::::_/é%;mﬂbf”’f¢;7 Date:_¢ -/F -7

Reviewed By: m%\ Date: o8-/ . 27

VECKERS . WLD




SRC ENGINEFEERS , LINC .

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iheria, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.O. #GD106306 Underwater Weld Sample #3(1/16")
3G - With 7T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

v 2
N2B4 198 198
288
AN 209
hN ‘\
S_ass s 1e9
193 193 to2z4 138
N
Y
\\‘\\\\ 4G
N 244 212 230
274

192 183

210

Note: HAZ Examined at 5X, 40X, & 100X Magnification

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~997

Last Calibration: Janmuary 18, 1993

SRC Job No. 92-352

/W
Certified By: > : Date:_¢ ~ /¥~ 7
Reviewed By: > N Z) ~ Date: _C& . sZ_23
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Table IV. Hardness Data of the Experimental Welds in the d,, Determination.

Toe-to-toe Average Average Average Hardness Readings
Distance Base Metal Weld Metal HAZ Greater than 325
d. Hardness Hardness Hardness (HV, 50
(HV ) (HV 0 (HV 00 (1) @
1/16" 188 240 257 327, 344, 356
361, 385, 434
3/32" 178 280 244 369, 345
1/8" 174 212 266 340, 361
3/18" 169 288 258 332

(1)  AWES D3.6 specifies a maximum hardness of 325 HV,,, for Class A (dry)
weldments.
(2)  Includes sixteen test sites (2 on each side of 4 specimens) per weldment
at 0.5 mm centers under toe of cap pass on each side of weldments
[Typically the hardest areas except one 1/16" weld (Fig 13)].
All base metal hardness readings were reasonably consistent throughout the specimens
and averaged 178 HV,,. Weld metal hardness averaged 250 HV,, with a maximum
reading of 260 HV,,. HAZ hardness averaged 256 HV,, with five of the initial 96
readings exceeding the 325 HV,, maximum specified by AWS D3.6 for Class A (dry)
welds. However, four of the five readings (340, 344, 361 and 434 HV,,) could be
identified with welds that experienced irregular processing, whether inadequate heat input
or misplacement of the temper bead (overlapping the base metal). The schematic
drawing of the cross section #4 of weld 1/16" d,, with all the hardness data is shown in
Figure 13. As a result of the hardness fluctuations observed, more hardness readings
were made in this weld. The hard spots were all located in the heat affected zone at the
toe of the weld. This observation indicates the need for more heat input from the temper
bead at the toe of the weld to eliminate the hard spots. The individual hardness readings
are compiled in Appendix Xill.

Charpy V-notch impact toughness measurements

Charpy impact tests were carried out at 28°F to determine the impact toughness
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of the HAZ of four welds. The shear fracture and lateral expansion of each of the
fractured specimens were also measured. The experimental data obtained are listed in
Table V.

Table V. HAZ Charpy V-notch Impact Testing Results of the t, Weld
Specimens at 28°F.

Toe-to-Toe Absorbed Energy | Shear Fracture | Lateral Expansion
Distance, t, (-1} (percent) (mils)

/16" 72 70 60

3/32" 47 75 43

1/8" 49 85 52

3/186" 50 80 55
Base Metal 86 100 77

The heat affected zones of all four "toe-to-toe distance” wet weldments exceeded
the Charpy V-notch impact requirements for AWS D3.6 Class A {(dry) welds. For the
116" d,, weldment, the Charpy V-notch impact tests resulted in an average absorbed
energy of 72.3 ft-ib and 70 percent shear on the fracture surface. These impact
properties compared favorably with those of the base metal, 86.8 ft-lbs and 100 percent
shear. For the 3/32", 1/8" and 3/16" "toe-to-toe distance" weldments, the Charpy test
results ranged from 47 ft lbs with 75 percent shear to 50 ft Ibs with 80 percent shear.
Even though these results were not as impressive as the 1/16" d,. welds, they all
exceeded the requirements of AWS D3.6 for Class A (dry) welds. (10 ft lb minimum and
2 15 ft Ib average). It is interesting to note that while the HAZ notch toughness of the
1/16" weldment was significantly greater than that of the other weldments, its HAZ
hardness was also higher.



SRCOC CFEINGINERERS | TINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iheria, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.O. #GD106306 Underwater Weld Sample #4(1/16")

33 - wWith 7.8,
Specification: In accordance with AWS D3.56
HARDNESS TEST DATA: Vickers 10kg
204 192 183 ) .
|72 365 395 wzsuza;\ Jias 388 43« 272 240 188
‘\\ \\ 212z ., /
(EEEN LT ) e 88 ™ e 78 g7s
N . e e
AN - - e
N7 (-
~ 3B 70 s 2 e

L

Note: HAZ Examined at 5X, 40X, & 100X Magnification

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

Certified By: ”ﬁ: 4%?%«—/ pate: &- /- TS

Reviewed By: ‘33%22:2262%%%&mb” Date: e FPy

VICKERS . WLD

FIGURE 13



Temper Bead Heat Input

fpinalpt 485

As a result of the excellent Charpy impact resuits of the weldments with 1/18",
3/32" and 3/16" toe-to-toe distance, the welding processing parameters and heat input
selected were close to the optimal. However, it was obvious that more heat input would
be required in cap passes al the toes of the welds to lower the hardness in the HAZ
under those weld beads to the 325 maximum specified by AWS D3.6 for Class A (dry)
welds. TAC members proposed that fillet welds, which are most often used for
underwater repairs, be used for additional heat input efforts. The following supplemental
report covers those successhul efforts.
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PHASE | SUPPLEMENTAL REPORT

WET FILLET WELDS WITH AND WITHOUT TEMPERING,
WITH VARYING DEGREES OF RESTRAINT AND
FIVE LEVELS OF HEAT INPUT

Background

Members of the Technical Activities Committee proposed a further investigation of
the effectiveness of the multiple temper bead (MTB) wet welding technique in preventing
hydrogen induced underbead cracking, and reduction of hardness, in the HAZ of wet fillet
welds.

Objective

Expand previously developed information pertaining to groove welds, and more
recent information on fillet welds, to include not only the ability to prevent HAZ hydrogen
cracking but also the ability to reduce HAZ hardness to the Vickers 10 kg 325 maximum
specified by AWS D3.6 for Class A (Dry) welds.

Justification

This supplemental investigation is especially meaningful because the vast majority
of underwater wet welded structural repairs are made with fillet welds.
Test Program

5/8" vertical wet fillet welds were made on 3/4" A537 C1.1 normalized (C.20 and
CE.462) steel plate with the Program Ex 7 electrodes at -33". Cross sections were

polished/etched and examined at 100x for HAZ hydrogen cracking. Vickers 10 kg
hardness fests were made as required by AWS D3.6 for Class A (Dry) welds. Weldments
were restrained by either dry, or wet, opposing fillet welds and by welded or mechanical
fixtures. (See Photographs)

The work was done in two paris. During Part 1, (reported in the January 1994
Interim Report) two welds were made without temper beads, one with dry welded restraint
and the other with mechanical fixture restraint. Two MTB welds were then made with
temper bead heat input at 25.5 kJ/in. and the same two types of restraint.
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During Part 2, restrained (see Table 1 for types of restraint) MTEB welds were made
with heat inputs of 32.2, 34.6, and 37.0 kJ/in. A fourth restrained MTB fillet weld was
made on which, after the weld was built up to full size, the thickness of two primary weld
beads that tied in to the base metal at the toe of the weld was reduced to approximately
one-half by grinding, and then reheated by temper beads deposited with 3/32" @ welding
electrodes. (1/8" @ electrodes were used for all other welding) Calculated heat input was
29.3 kJ/in. See Fig. 1 for the MTB wet welding technique and Fig. 2 for the MTB/Halit-
Bead technique including sequence and placement of weld beads/passes.
Results-Multiple Temper Bead Weldmenis

As shown by the Summary of Vickers 10 kg test results and Table 1 that are part
of this report, except at the toe of the weid, all areas of the HAZ are sufficiently tempered
(HV 10 < 300) by overlaying weld beads, with or without any deliberate effort by the
welder/diver. Three levels of temper bead heat input (25.5, 32.2, and 34.6 kJ/in) failed
to reduce the HAZ toe hardness to an acceptable level. When the heat input was
increased to 37.0 kJ/in., the average HAZ toe hardness was sharply reduced to 324 vs.
463 for the no temper bead weldment. However, two of the three test results (332 and
355) exceeded our target of the 325 maximum. While a hardness of HV 10 355 is
acceptable for most applications, the MTB/Half-bead technique was subsequently used
for further reduction of HAZ hardness. (See Results-Multiple Temper Bead/Half-bead
Weldments).
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CE<40
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SUMMARY OF VICKERS 10 KG HARDNESS TEST RESULTS

IN HAZ OF WET FILLET WELDMENTS
(See Table 1 for Details)

WELDING VARIABLES

No Temper Beads

Multiple Temper Beads
Heat Input 25.5 kJfin

Multiple Temper Beads
Heat Input 32.2 kdfin

Multiple Temper Beads
Heat Input 34.6 kd/in

Multiple Temper Beads
Heat Input 37.0 kJ/in

Multiple Temper Beads

Plus Half-Bead Technique

Heat Input 29.3 kJ/in

TOE

483

431

410

439

324

282

AVERAGE HAZ HARDNESS
OTHER

291

286

274

270

259

277

TOE HARDNESS
COMMENTS

50f{6 2435

20f62435

3of 82435

30f 82435

2 0of 327325

300 max.

*AWS D3.6 specifies Vickers 10 kg 325 maximum for Class A (dry) welds.

NOTE: Heat inputs are expressed in welding arc output in energy units (kj) per
linear inch at weld joint by formula shown in the text of this Supplemental

Report.



TABLE 1

WET FILLET WELDS WITH AND WITHOUT TEMPERING,
WITH VARYING DEGREES OF RESTRAINT
AND FIVE LEVELS OF HEAT INPUT

VICKERS 10 kg HARDNESS

WELDMENT VARIABLES TOE MIDPOINT ROOT
No Temper Beads 482 327 280
Dry Weld Restraint 477 292 204
442 3086 275

No Temper Beads 479 272 306
Fixture Restraint 299" 282 283
435 278 294

Averages 463" 293 289
Multiple Temper Beads™® 421 279 283
Level 1 Heat Input (25.5 kJ/in) 400 31z 289
Dry Weld Restraint 442 289 274
Multiple Temper Beads* 425 306 282
Level 1 Heat Input (25.5 kd/in) 421 287 286
Fixture Restraint 477 294 263
Averages 431 294 279
Multiple Temper Beads 435 305 273
Level 2 Heat Input (32.2 kJ/in) 426 260 262
Wet Welded Restraint 478 320 262
410 305 282

360 252 262

389 265 255

461 262 268

318 282 270

Averages 410 281 267

* The inconsistent 299 hardness was not included in the HAZ Toe Hardness average.
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Table 1 (Continued)

HAZ TEST SITES (VICKERS 10 KG)

WELDMENT VARIABLES TOE MIDPOINT ROOT
Multiple Temper Beads 428 272 282
Level 3 Heat Input (34.6 kJ/in) 426 272 293
Wet Welded Restraint 426 262 272
425 252 299
455 292 272
478 262 260
412 265 252
460 261 261
Averages 439 267 274
Multiple Temper Beads 355 252 235
Level 4 Heat Input (37.0 kJ/in) 332 267 267
Dry Welded Bar Restraint 284 282 252
Averages 324 267 251
Multiple Temper Beads 252 268 277
Plus Half-Bead Technique 293 297 278
At toes of Weld. Level 300 272 272

Heat Input (29.3 kJ/in) Dry
Welded Bar Restraint

Averages 282 279 275
*  Material Joining Work Reports and test results are provided in Appendix IX.

NOTES:

- All weld beads were deposited with 1/8" ¢ electrodes except 3/32" ¢ electrodes
were used for capping and tempering the toes of the Level 5 heat input MTB/half-
bead weldment.

- Welds were made on A537 ClL1 (C.20 and CE.462) 5/8" plate in the vertical
position at -33".

- Formula used for heat input was Amps x Volts x 80 = Jules per inch in.
per minute
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Results-Multiple Temper Bead/Half-Bead Weidments

Results of the MTB/Half-Bead weldments were extraordinarily good. HAZ toe
hardness averaged 282 with a maximum of 300 (252, 293, and 300).
Supplemental Results and Information

- Of the twenty-eight MTB fillet weld cross sections examined to date at 100x, none
showed any evidence of cracks in the HAZ.

- The type of restraint, whether an opposing fillet weld or a mechanical fixture,
appeared to have no affect on the propensity for HAZ cracking.

- In November 1992, Gene Mitchell (U. S. Navy) suggested that the half bead
temper bead technique be considered for use during the program. At that time,
we were of the opinion that the acceptable time interval (before HAZ cracks could
develop) between deposition of primary weld beads and temper beads was too
short to use any of the time for grinding to reduce the primary weld bead
thickness. However, results from timing welds made in October 1993 showed that
when for the A537 C1.1 material was welded with Ex 7 electrodes it took up to two
hours for the cracks to develop. With that new information, Mr. Mitchell's
suggestion was resurrected with the excellent results reported herein.

- The heat input formula used in this report,

H (joules per inch) = E (volts) x | (amperes) x 60
S (speed in inches per minute)

is commonly used to express the welding arc output in energy units per linear inch

at weld joint. While the formula may be useful in comparing the heat inputs to the

HAZ by wet weld temper beads, other essential variables include: thickness of the

primary weld bead that is being tempered, distance between the toe of the primary

weld bead and the toe of the temper bead, diameter of the tempering electrode,

angle of the electrode in relation 1o the plane of the primary weld bead and welding
polarity (Electrode Negative or Positive).

Further investigation would be required to determine the foliowing variables

pertaining to the use of the half-bead technique and the application of increased temper

bead heat input without the half-bead technique.
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* s it necessary to reduce the thickness of two primary weld beads at the toe

of a weld or would the reduction of the thickness of the outermost bead
produce acceptable reduction in the HAZ hardness?
For wet welds made on the A537 material the area of the HAZ that is
susceptible to the excessive hardness is relatively small, i.e. £ 1/8" (3.2
mm) thick by <1/4" (6.3 mm) wide. It is therefore quite possible that
reduction of the thickness of only the outermost primary weld bead is
necessary.

* ls there any advantage of using 3/32" 6 welding electrodes for tempering
the half-beads vs. 1/8" ¢ electrodes that are used for the balance of the
welding?

* What is an acceptable thickness range (maximum and minimum) for weld
beads that are ground down for tempering at a given level of heat input?

* While the MTB/half-bead technique was highly effective, it is more time
consuming than the MTB alone. Can the HAZ toe hardness be reduced to
comparable levels by simply increasing the temper bead heat input at the
toe of the weld beyond 37.0 kJ/in?

* Will it take less heat input to reduce HAZ hardness in materials that have
less than the AB37 .20 wt. pct. carbon?
* And finally, next efforts to increase heat input o the HAZ beneath the toes

of cap passes should include the conventional above water temper bead
procedure i.e., build welds up to full size and then deposit oversized high
heat input temper beads near the toes of cap passes. (These beads would
then be ground down to meet visual inspection requirements). This
procedure, if effective on wet welds, would be more efficient than the half-
bead technigue.

Effectiveness of muitiple temper bead welding in all position wet welding

To demonstrate the broad effectiveness of the multiple temper bead techniques
all position wet groove welds were made on 3/4" A537 Class 1 steel plates at -33' and
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tested in accordance with the requirements of AWS D3.6 for the qualification of Class A
(dry) welding procedures. However, to investigate more in detail the performance of
these welds, the welds were allowed to age at ambient temperature for over 72 hours
before testing. A second vertical weld was made and impact tested with the notch parallel
to the heat affected zone. Charpy impact tests were performed on both the heat affected
zone and the weld metal.

The Global Divers reports with the joint design and welding parameters for the 1G,
2@G, 3G, and 4G welding are included in the following pages. Al weldments met the
requirements of AWS D3.6 for Class B (wet) welds. Charpy V-notch HAZ and weld metal
impacts results exceeded the requirements of AWS D3.6 for Class A welds.
Tensile Testing Results

For qualification in the first position (1G), all-weld-metal tensile tests results were
75.4 ksi yield and 79.7 ksi ultimate with 12% elongation. (Elongation of weld metal of
welds made with commercial wet welding electrodes is usually 6 - 8%). Reduced section
tensile test results were 76.2 and 78.6. Average of the three tensiles (78.2 ksi) compares
favorable with the 65 - 70 ksi of previously considered excellent for wet welds. SRC's
test reports are included in Appendix X. No tensile tests were required for the 2@G, 3G,
and 4G welds.
impact Testing Results

Charpy V-notch impact testing at 28°F was carried out on samples extracted from
the heat affected zone and weld metal of weld 1G. Table VI contains the average impact
energy, percent shear fracture and test specimen lateral expansion data. Detailed reports
of the individual tests are included in Appendix XI.

Table VI. Average Impact Test Data for Weld 1G at 28°F.

Absorbed Shear Lateral
Energy Fracture Expansion
{ft-Ib) (percent) {mils)
Heat Affected Zone 43 70 51
Weld Metal 32 100 37
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ORL\| Giobal Divers Sheet 1 of 2

& Contractors, Inc. W/G No. _ED-012-93
e MATERIALS JOINING WOFK REPORT
Part 1 Confirmation Wekd (1G)
Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4346
Matt (1) A 537 ' Grade Cl1 Matl {2) Grade
Ht/Siab No. __ 7800612 Ht/Siab No.
Thick 4" in. Dia. in. Thick in. Dia. in.
Electrode (AWS) E 6013 A5 TN _Program Ex 7 Mir. _Proprietary Ctry
Process SMAW Current/Polarity CC/DCEP/PULSE  Joint Type _V-GROOVE Posttion _1G (167
Water Depth __ 33’ Dry Wet X
ROQOT 1 178" 155 - 160 32-34 8.0 PPS - 125
TEMPER 1 118" 155 - 160 32-34 6.8 PW - 50%
% ROOT 2 18" 155 - 160 32-34 8.0 Background - 30%
"4 TEMPER 2 18" | 155-160 | 32-34 68 | Weld Time - 2 Hrs. 48 Min
FILL 3-30 18" 155 - 160 32-34 8.9 Muttile Termper Bead Wet Welding
Technique Used.
CAP 31-36 1787 185 - 160 32-34 9.2
e oo —

Welder: Darmyl B. Phillips Date: _7-1-93

Weiding Joint Sketch: Weiding Techniques:

i NV 3

!
J L 116" J
| 3-8

Stringer Beads




(Global Divers Sheet 2 of 2
& Contractors, inc. W/O No.  ED-(12-93
Tension Tests: {(Reduced Sedion/Ail«Weld:Metai) Reduced Section and All-Weld-Metal
" SPECIMEN | < ORENT . | ULTIMATES. YELD'S. | ELONGATION | = FAILURE
1&2 Transverse 76.202 & 78.627 N/A NiA WM
3 Longitudinal 79.684 75.356 12% WM
Bends: ~ Best of twelve specimens. See Attached Repont.
SPECIMEN RODT FACE SIDE "RADIUS RESULTS
1 X 47T Satistactory
2 X 4T Satistactory
3 X 6T Satisfactory
4 X 6T Satisfactory
LAB | 482 20 | 1506 1 .014 | 019 .38 03 02 .01 .03 01 01 — -

Hardness (Vickers/Rockwell): _ Vickers 10 kg

Remarks & Evaluation;

Charpy V-notch Impact Results at 28° F {Averages)

BASE METAL (AVG.) 164 171
HAZ (MAX) 401 395
HAZ (AVG) 298 278
WM (MAX) 223 212
Pumpose of Test: First position of all-postion MTB confirmation Welds

Absorbed Energy % Shear Lateral Expansion
Location Foot Pounds Eracture {Mils)
HAZ 42.7 70 51
W.M. 32 100 37
No HMAZ cracks at 100X,
Radiograph met requirements of AWS D3.6 - Class B
By: ___C.E. Grubbs % M/ Date: 7-1-93 "
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& Contractors. Inc. WO No.  ED-013-83
Ened® MATERIALS JOINING WORK REPOHT
Part 1 Confirmation Weld (2G)
Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 51-M-43456
Matt (1) A B37 Grade Cl1 Matl &) Grade
H./Slab No. 79006-12 Ht/Slab No.
Thick 34" in.  Dia in. Thick in.  Dia .
Clectrode (AWS) _ E 6013 A5 1 TN _Program Ex 7 Mir. Proprietary Ctry
Process SMAW Current/Polarity CC/DCEP/PULSE  Joint Type _V-Groove Posibon 2G (87
Water Depth 33 Bry Wet X
Wekiing Variables:
e et
RF&C | PASS DIA, L ANPS VOLTS P REMARKS

ROQT H 18" 135 - 140 32-34 78 PPS - 125

TEMPER 1 18" 135 - 140 32-34 71 PW - 70%

ROOT 2 1/8" 135 - 140 32-34 8.0 Background - 30%

TEMPEHR 2 18" 135 - 140 32-34 74 Used MTB Wet Welding Technique

FiLL 3-37 18 135 - 140 32-34 8.6

CAP 38 -44 10 - 135 - 140 32-34 g2

Welder Darryt H. Phillips Date: 7-1-63

Weiding Joint Sketch: Welding Techniaues:

Stringer Beads

¥
: RS AR
- 38"




Globat Divers Sheet __ 2 of 2
& Comractors, Inc, W/O No. _ED-013-93
Tension Tests: (Reduced Section/All-Weid-Metal) N/A
" SPECIMEN ORIENT | ULTIMATE S. YELD S | ELONGATION FAILURE -
1
2
Bends:™ Best of twelve specimen. See attached repont
SPECIMEN ROOT EACE SiDE "RADIUS RESULTS
1 X 3-13 7 Satisfactory
2 X 3183 T Satisfactory
3 X 3137 Satisfactory
4 X 3-13T Satisfactory
Chemistry:
ol | clm|op N v vl m
CTR
LAB | 462 20 150 | 014 | 019 38 .03 .02 01 03 Rz 01 - —
Hardness (Vickers/Rockwell): N/A
. LocATION | . LEFTSDE | moarsee
BASE METAL (AVG.)
HAZ (MAX)
HAZ (AVG)
WM (MAX)

Purpose of Test:

Remarks & Evaluation:

Additional posttion (2G) of ali position confirmation welds.

Radiograph met requirements of AWS D3 6 for Class B welds.

g -
By: _ C.E.GRUBBS .~ 57i. A7 .

Date:

7/1/93




Giobal Divers

Sheet + of 2

& Comtractors, Inc. W/O No. _ED-014-93
MATERIALS JOINING WORK REPORT
Part 1 Confamation Weid (3G)
Location __ GLOBAL DIVERS - PORT OF IBERIA Comract No. 91-M-4348
Matl (1) A 537 Grade Cl Matl (2) Grade
Ht./Stab No. 79006-12 Ht/Slab No.
Thick 34" in.  Dia. in. Thick in. Dia. n.
Elecirode (AWS) __E 8013 AS 1 TN _Program Ex 7 Mir. Proprietary Ctry

Process SMAW

Current/Potarity CC/DCEP/PULSE

Joirt Type _V-Grogve Posiion 3G (&%

Water Depth __33' Dry Wet __X
Welding Variables:
RF&C | PASS | DA | AMPS | VOLTS LPM. REMARKS
ROOT 1 18" 155-160 | 33-35 8.9 PPS - 125
TEMPER 1 18" 155-160 | 33-35 82 PW - 50%
ROOT 2 18" 155-160 | 33-35 89 Background - 30%
TEMPER 2 178" 155-160 | 33-35 82 Used MTB Wet Welding Technique
FILL 3-36 18" 155-160 | 33-35 82
CAP 37-42 18" 155-160 | 33-35 9.0 ]
Weider: Damyl R. Phillips Date: __ 7-1-93
Weding Joint Sketch: Weding Techniques:
Stringer Beads. All passes downhill
X i e
\f V L
£ i
l | : *
36

J L Jr|e




Global Divers Sheet _ 2 of 2
& Contractors, Inc. WO No. _ED-014-93
Tension Tests: (Reduced Section/All-Weld-Metal) N/A
' SPECIMEN ORIENT | ULTIMATE S. YELD S. | ELONGATION' |  FAILURE
1
2
Bends™ Best of twelve specimen. See attached repon
SPECIMEN ROOT FACE SIDE “RADIUS RESULTS
1 X 27T Satistactory
2 X 33T Satistactory
3 X 3137 Satisfactory
4 X 33T Satistactory
Chemistry:

celc |m]| e T o] Mo cu] v i

CTR

i/ aB | 462 | 20 {150 | 014 | 019 | 38 | 03 | 02 | 01 .03 01 0t o -

Hardness (Vickers/Rockwell): N/A

| (e g .

LOCATION | LEFTSIE

BASE METAL (AVG.)

HAZ (MAX)

HAZ (AVG)

WM (MAX)

Pumpose of Test: Additional position (3G) of alt position confirmation welds,

Remarks & Evaluation: Radiograph met requirements of AWS D3.6 Class B weids.

By:  CE GRUBBS (% (R, [fofle Date: __7/1/93 Rev:




Gicbal Divers

Sheet 1 of 2

& Contractors, inc. WO No. ED-015-83
MATERIALS JOINING WORK REPORT
Part 1 Confirmation Weid (4G)
Location  GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4346
Mat1 (1) A 837 Grade CL1 Mat'! (2) Grade
Ht/Slab No. 79006-12 Hi./Slab No.
Thick 34" in. Dia. in. Thick in. Dia. in.
Electrode (AWS) __ E 6013 AS 1 TN _Program Ex 7 Mir. Proprietary Chry

Process SMAW

Water Depth __ 33 Dry

Wet

Weiding Variables:

Cument/Polarity CC/DCEPPULSE

X

Joint Type _V-Groove

Position 4G (87

W
‘RF&C DI =~ AKMIPS 1 VORTS PR REMARKS
ROOT 1 18" 145 - 150 32-34 839 PPS - 150
TEMPER 1 1/8” 145 - 150 32-34 8.2 PW - 70%
ROOT 2 18" 145 - 180 32-34 8.9 Background - 30%
TEMPER 2 178" 145 - 150 32-34 82 Used MTB Wet Welding Technique
FILL 3-41 18" 145-150 | 32-34 84
CAP 42 - 48 18" 145 - 150 32-34 g2
Welder: Damyl B, Phillips Date: __7-1-83
Weiding Joint Sketch: Welding Techniques:

Stringer Beads

3 kil
(’/ \:‘ - ‘/B'
Y / {
{ N
| j

4 L.

i
3167 -




Global Divers
& Contractors, inc.

Sheet 2 ot 2
W/O No. _ED-015-93

Tension Tests: {Reduced Section/Al-Weld-Metal) /A
SPECIMEN  ORIENT | ULTIMATES. | ~ YELDS. | ELONGATION | FALURE
1
2
Bends™ Best of twelve specimen. See attached report
SPECIMEN ROOT FACE SiDE *RADIUS RESULTS
1 X 2T Satisfactory
2 X 2T Satistactory
3 X 47T Satisfactory
4 X 47 Satisfactory
Chemistry:
- s i | oo v
CTR
LAB | 462 20 150 | 014 | 019 38 03 02 .01 03 R 01 o -

Hardne:

58 (Vickers/Rockwell):

BASE METAL (AVG.)

HAZ (MAX)

HAZ (AVG)

WM (MAX)

Purpose of Test:

Remarks & Cvaluation:

Additional position (4G) of all position confirmation weids.

Radicgraph met requirements of AWS D3.6 Class B welds.

By:

T RPN
CE GRUBBS o Fi. sole Date: __7/1/93 Rev: -




Global Divers Sheet 1 of 2

P SRR

& Contractors, Inc. W/O No. ED-016-83

MATERIALS JOINING WORK REPORT
Part 1 Confirmation Weld - Compare Charpy HAZ Notch Orientations

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. Gi-M-4345
Matl (1) _A 537 Grade __ ClL.1 Mat? (2) Grade
Ht./Slab No. __ 79006-12 Hi./Slab No.
Thick 34" in.  Dia. in. Thick in. Dia. in.
Electrode (AWS) __ E 6013 A5 1 TN _Program Ex 7 Mfr. __ Propretary Ctry
Process SMAW Cument/Polarity CC/DCEP/Puise  Joint Type _V-Groove Posttion __3 G (8"
Water Depth 33 Dry Wet X
Welding Variables:
e
CRF&C | PASS DIA. ] -ANPS VOLTS LPM. . REMARKS
Root 1 18" 155 - 160 33-35 8.0 pPPS - 150
Temper 1 148" 155 - 1680 33-35 8.7 PW - 70%
Root 2 18" 155 - 160 33-35 8.0 Background - 30%
Temper 2 18" 156 - 160 33-35 8.7 41 Passes
Fill 3-35 i 155 - 1680 33-35 8.0 Weld time - 46 min.
Cap 36 - 41 18" 155 - 1680 33-35 8.2 Used Multiple temper bead technique
Weider:  Damryi B, Phillins Date: 7-1-93
Wekding Joint Sketch: Weiding Techniques:

Stringer Beads. All passes downhill

1) i
\. \[‘ 1 /‘ i
< \ ,,_____L 1487
£ } ) E.\
f

A
j L - 1716




Giobal Divers
& Contractors, Inc.

Tension Tests: (Reduced Section/All-Weld-Metal)

NiA

Sheet 2 of 2

W/ No. ED-018-93

SPECIMEN " ORIENT"

| ULTIMATE S:

YIELD S.

ELONGATION © | FAILURE -

1

2

Bends: N/A

SPECIMEN ROOT

FACE

SIDE

RADIUS

RESULTS

1

2
3
4

Chemistry:
s

cro |

CTR

LAB | 462 20 1.50

014 1 018 38

.03

.02

01 03

01

01 — -

N/A

Hardness {Vickers/Rockwell}:

- rocAmion: |

S . . LEFTSQE S

BASE METAL (AVG.)

HAZ (MAX)

HAZ (AVG)

WM (MAX)

Pumose of Test:

Remarks & Evaluation:

Compare Charpy V-notch HAZ impact test results with notch oriented per AWS D36 Vs

parallel to HAZ,

For Charpy tests on this weldment, the notch was oriented per AWS D3.6. Average
results of tests on four macros were: Absorbed Energy, 44.7 ft. ibs. shear fracture, 85%.
Lateral expansion, 49.5 mils.

By CE Gubbs e Sl

Date:

7-1-93

Rev:




Giobal Divers
& Contractors, inc.

MATERIALS JOINING WORK REPOHRT

Sheet 1 of 2
WIO No. ED-D17-83

Part 1 Confirmation Weld - Compare Charpy HAZ Notch Orientations

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M4348
Matt (1) ___A 537 Grade __Cl.t Mat1 (2} Grade
Hi/Slab No. _79006-12 Hi/Slab No.
Thick 34" Dia. in. Thick Dia. in
Electrode (AWS) __E 8013 AS 1 TN _Program Ex 7 Mir. _ Proprietary Chry
Process  SMAW Curent/Polarity CC/DCEP/Pulse  Joint Type _ Single bevel Postion __3G (87
Water Depth _ 33 Dry Wet X
Welding Varabies:
RE&C ! PASS DlA. < AMPE T YOLTS LPAL HEMARKS
Root 1 18" 160 - 1685 32-34 57 PPS - 150
Temper 1 178" 160 - 165 32-34 55 PW - 70%
Root 2 18" 160 - 165 32-34 58 Background - 30%
Temper 2 178" 160 - 165 32-34 57 42 Passes
Fill 3-38 18" 160 - 165 32-34 86 Weld time 56 min.
Cap 37-42 /8" 160 - 165 32-34 9.2 Used Mutltiple Temper Bead Technique
WWW
Weider: Damyl R. Phillips Date: _7-1-93
Welding Joint Sketch: Welding Techniques:
Stinger beads all passes down hill
\1‘\ -
¢ ‘l N
5 ;
, P “_.,I;
I |
i TR
Loos




Gicbal Divers
& Contractors. inc.

Tension Tests: (Reduced SectiorvAll-Weld-Metal) N/A

H

Sheet 2 of 2

W/O No. _ED-017-93

. SPECIMEN

ORIENT. |  ULTIMATES. YIELD .

ELONGATION | FAILURE

}

1

2

Bends:

N/A

SPECIMEN ROOT

FACE SIDE

RADIUS

RESULTS

1

2

3

4

Chemistry:

e

QE

doer

CTR

LAB

AB2 20 1 1.50

014 | 019} 38 03 02

01 03

01

01

Hardness (Vickers/Rockwell):

NIA

B

U RIGHT'SIDE

BASE METAL (AVG.)

HAZ (MAX)

HAZ {AVG)

WM (MAX)

Pumpose of Test:

Remarks & Evaluation:

orientation.

Compare Charpy V-notch HAZ impact test resuits with notch parailel to HAZ vs AWS D3.6

For Charpy impacts on this weldment, the notch was parallel to the HAZ. Average

results of tests on four macros were: Absorbed Energy, 29.3 ft. Ibs. Shear Fracture, 70%.
tataral Expansion, 31.7 mils.

By:

C.E GRUBBS £ 5/ip £ Date: 7193

Rev:
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Weld Hardness Results

As illustrated in Figure 14, even though the average hardness reading was only
288 HV,,,, two of the twelve readings exceeded substantially the 325 HV,, limit specified
by AWS D3.6 for Class A welds. These readings were 401 and 395 HV,,,, respectively.
These two readings are located in the HAZ at the toe of the weld which verifies the need
for more temper bead heat input at the toe of cap passes. The maximum hardness of
the weld metal was 223 HV ;.

Because of an inappropriate sequence of events, the all position groove welds
were made before the supplemental welds with increased levels of heat input and the
half-bead technique welds were made. Without the benefit of the knowledge gained from
results of the supplemental increased heat input welds, the MTB procedure was
ineffective in reducing HAZ hardness, at toes of cap passes. |
Bend Test Results

For Class A welds, AWS D3.8 specification requires bending radii from 2 T to
3-1/3 T, depending on the minimum specified base metal yield strength. For wet welds
the specification requires only 6 T bending.

Side bend tests were performed on all welds. For the overhead position weld, only
four specimens, as required by AWS D3.6, were tested. For the three other positions,
four specimens were initially tested. The results of these tests, in the form of test
certificates issued by SRC Engineers, Inc., are included in Appendix Xil. These results
are also summarized in Table Vil. For the flat, horizontal and vertical position weids,
additional bend specimens were tested to attempt befter results. In total, twelve
specimens from each of the three positions were bend tested. All specimens failed at
locations near the center of the weld metal.

The bending of each specimen was started on a 6 T mandrel and progressed to
4T, 31/3 T, and 2 T or failure. While this method may be unorthodox, it provides
maximum information without the cost of making additional weldments. One parlicipant
maintained that use of the multiple radii procedure increased the duclility of the weld
metal and therefore, the possibility of making smaller radius bends. Others were of the

3-53



SRC ENGINEERERS _ ITINC .

837-3810, 31106 * LAFAYETTE, LA 70593-~1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kg lcad hardness test on weld sample
3/4" X 16" weld(GD406178) 13 Wetweld With 7.8,

Specification: in_accordance with AWS D3.§6

HARDNESS TEST DATA: Vickers 10kg
N o4pr - 175 166 152 188
w326 0
~ 135
- - 21z 50 2% ’
Iy ~ 89 : S S —
. Los 180 212 - T80
AN 155 172 L334 >, rd 180 162
» - w212 212
. 279 m223 127 287 7
) ~ 7 236

HAZ Examined at 5X, 50X, & 100X Magnification.
No evidence of Hydrogen cracking was found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 32-352

e -
Certified By: /e Aé;;zi¢wﬁﬂ,~§;¢’ Date:_¢£-28 -? =

Reviewed By: =P DL L. Date: && -28~ 9.3

FIGURE 14




opinion that repeated bending "work hardened” the weld metal and reduced ductility.
Subsequent tests indicated that there is no substantive differences in results produced
by the two bending procedures. For specimens that had undergone 6T and 4T bends,
30 of 30 passed the 3-1/3T test. For single radius bends, 31 of 31 were satisfactory
when bent only on the 3-1/3T radius mandrill.

Table VIl.  Side Bend Test Results of the Four Welding Positions.
(Data expressed as bend radius at which results were

satisfactory}
Flat Horizontal Vertical QOverhead
2-4T 4 -31/3 T 1-27 2-2T7
2-86T 3-31/37T 2-4T

HAZ Impact Properties with the Notch Parallel to the HAZ

To further demonstrate the excellent mechanical properties obtained using the
multiple temper bead technique, HAZ impact test specimens were prepared with notches
machined parallel to the heat affected zone, instead of the conventional AWS D3.8
specified orientation. A drop of 16 ft Ibs average absorbed energy, from 45 to 29 ft Ibs,
was observed as compared to 15 ft lbs average specified by AWS D3.6 for Class A
welds. The decrease was expected since the new configuration forces the cracks to
propagate directly into the heat affected zone.

Microscopic Examinations

For qualification of Class A welding procedures, AWS D3.6 specifies that
micrographs of cross sections of welds shall not reveal any cracks at 5X magnification,
and the only micrograph required is one from the first position. During examination of the
all position confirmation welds on A537 steel, the first position {1G) cross section did not
exhibit any cracks at 100X magnification. Supplemental examination, not required by
AWS D3.6, of micrographs from four cross sections of weldments from each of the other
three positions revealed heat affected zone cracking at 50X magnification. However, all
unsatisfactory side bends failed at or near the center of the weld metal with no indication
of cracks in the heat affected zone. Micrographs of the cross sections of the confirmation

3-55
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welds in the vertical and overhead position are shown in Figure 15. Radiographic
analyses were also performed on all welds with no indication of cracking. Global Divers
welding reports and impact test results for the welds tested with the Charpy V-notch
located parallel to the HAZ, vs. orientation specified by AWS D3.8, pius radiographs of
the all position welds, are included in Appendix XIil.
Weldments With and Without MTB

As discussed previously in the section on base metal selection, many of the

existing offshore platforms were fabricated using ASTM A36 Grade steels for which no
tight control of chemical composition is required. This task will verify the effectiveness
of the MTB technique in reducing HAZ hardness and improving Charpy V-Notch impact
properties by conducting parallel sets of welds with and without multiple temper bead
application. This set of experiments includes both cracking susceptible and non-crack
susceptible steels. In addition to the A537 steel, two A36 grade steels with 0.26 wt. pct.
carbon equivalent and 0.14 wt. pbt. carbon, and 0.415 wt. pct. carbon equivalent and 0.24
wt. pct. carbon were also used. The Global Divers welding reports with the welding
parameters, joint design and plate compositions for the three groups of welds are
included in Appendix XIV.

Base Metal 1

Based on the AWS D3.6 short formula and chemical composition information
provided by the vendor before purchase, the carbon equivalent of this ASTM A 36 steel
should have been approximately 0.38 wt. pct.. While not susceptible to HAZ hydrogen
cracking, it should have exhibited significant hardening in the heat affected zone during
welding. Chemical analysis performed with the actual plate material (after purchase)
showed substantially lower alloying and low carbon (0.14 wt. pct.) content, which resulted
in a very low carbon equivalent (0.26 wt. pct.).

Neither the weldments with MTB, nor the weldments without tempering, was
subject to cracking or excessive hardness. Nevertheless, knowing the chemical
composition of the alloy, it is not surprising that the mechanical properties (hardness and
impact toughness) of both welds exceeded the requirements of AWS D3.6 for Class A
welds. A comparison of the welds with and without muitiple temper bead technigue
application is given in Table VIiL



Confirmation Welds on 3/4" ASTM A537 Class 1 (CE.462)

Overhead Position

o

S

Vertical Position

Fig. 15
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Table VIL.  Comparison of Charpy V-Notch Impact Results of Low Carbon Equivalent
A36 Steel HAZ With and Without Multiple Temper Bead Technique

Application.
With MTB Without MTB
Charpy Impact Properties at 28°F

Average of Four Tests' 71 73

(ft-Ib)
Shear fracture 62 80

(percent)

Lateral Expansion 57 70

(mils)

Maximum HAZ Hardness®

(HV, 5 226 244

' The individual data are reported in Appendix XV.
2 The individual data are reported in Appendix XVI.
Base Metal 2

The second set of welds, with and without tempering, was made on ASTM
A588-88A Grade B material with CE .449.

There were no significant differences in hardness and Charpy impact test results
from the two weldments. impacts at 28° F exceeded the AWS D3.6 requirements for
Ciass A welds and maximum Vickers 10kg HAZ hardness of 370 was acceptable for most
applications.

The lack of HAZ cracking, and the acceptable notch toughness and hardness, are
attributed to the relatively high percentages of chromium (.59) and nickel (.27). Copper
was also high (.28).

Figure 16 shows the good surface quality of both welds. Impact properties and VH
10 hardness are summarized in Table [X.
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Table IX. Comparison of Charpy V-Notch impact Results of A588 Grade Steel Weld
HAZ With and Without Multiple Temper Bead Technique Application.

With MTB Without MTB
Charpy Impact Properties at 28°F 32 36
Average of Four Tests (fi-Ib)®

Shear fracture 68 63

(percent}
Lateral Expansion 35 36

{mils)
Maximum HAZ Hardness®

(HV,5) 382" 3707

* The individual data are reported in Appendix XVII.
°® The individual data are reported in Appendix XVHI.
' Thirteen of forty-eight readings were greater than 325 HV,,, . Average: 356 HV,,
? Eleven of forty-eight readings were greater that 325 HV,, . Average: 347 HV

There were no significant differences in hardness and Charpy impact test results
from the two weldments. Both Charpy impact toughness exceeded the requirements of
AWS D3.6 for Class A welds. The HAZ hardness of the A588-88A HAZ was only
marginally acceptable.

Use of the MTB wet welding method on Normalized A588-88A Grade B material
did not improve the mechanical properties of weldments. The HAZ of the normalized
material seems to have acceptable notch toughness with or without tempering. And,
there was not enough heat impact at the toes of the welds to reduce HAZ hardness.
Base Metal 3

The third sets of groove welds, with and without multiple temper bead application,
was performed on 1/2" thick ASTM A 36 Grade steels with a 0.415 wt. pct. carbon
equivalent and 0.24 wi. pct. carbon content. Figure 17 demonstrates the excellent
surface quality of the two welds. These welds and the testing procedure were proposed
by the TAC members at the August 1993 meeting. (Note: The majority of existing
offshore platforms were constructed of A36 tubular members with chemical composition
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ranging between Base Metal 1 to Base Metal 3 in this experimental program.) Testing
included side bends and Vickers hardness at 10kg load. Hardness measurements were
made at four locations adjacent to the toe of the cap passes on each side of the weld,
where maximum HAZ hardness usually occurs.

Both welds, with and without MTB practice, performed satisfactorily in the tests.
Microscopic examinations at 100X magnification did not show any cracks (See Appendix
XiX for the individual test reports.) All side bend tests (four) were satisfactory when bent
successively from 67 to 4T to 31/3 T. The test certificates issued by SRC Engineers, Inc.
are included in Appendix XX. This behavior is unexpected since previous Global Divers
experience showed that untempered weldments of this same materials failed 6 T bend
tests. (Three sets of four side bend tests failed 6 T bend tests.)

The effectiveness of the MTB wet welding method in reducing HAZ hardness on
this type of material was clearly evident in Table X. A reduction of approximately 17
percent hardness in the "bulk” heat affected zone was achieved. The number of readings
that exceeded 325 HV,,, also decreased significantly. The individual hardness data are
compiled in Appendix XXI.



Welds on 5/8" A588-88A Gr. B (CE .449) Plate

With and Without Multiple Temper Beads

Beads

Without Temper

With Temper Beads

Fig. 16



Welds on 1/2”7 A36 (C.24 CE .415) Plate With and

Without Multiple Temper Beads

Without Temper Beads

With Temper Beads

Fig. 17



Table X. Comparison of high carbon equivalent A36 Grade Steel Welds
With and Without Multiple Temper Bead Technique Application.

With MTB Without MTB
Average Maximum Hardness of 8 Readings
Under the Toes of the Cap Welds 453 483
(HV 5
Average Maximum Hardness of 24 Readings
Other locations of the HAZ 282 338
(HV 50
Number of Readings Exceeded 352 HV,,, 13 23
(Out of 32 Readings)

Supplemental Charpy V-notch Information (Weld Metal and HAZ)

Energy Absorption - Temperature Transition Curve For Wet Weld Metal

To quantify underwater wet welds for service, their impact properties must meet
the application (fithess for purpose) requirements. It is highly desirable to have available
a large database to support the fact that underwater wet welds can perform satisfactorily
in structural applications. Current data on impact toughness of underwater wet welds are
scarce and sometimes biased (for example, January 1994 Issue of the AWS Welding
Journal). Members of the Technical Activities Committee requested the program to
perform wet weldments and Charpy V-notch impact tests to determine the energy
absorbed at fracture as a function of testing temperature.

Test Program

A wet groove weld with multiple temper beads was made on 3/4" thick A537 Class
1 steel with the Ex 7 welding electrodes in the vertical position at 33" water depth.
Twenty one full-size Charpy V-notch impact specimens were extracted from the weldment
and tested at temperatures ranging from 60 to -40°F. Prior to the underwater wet
welding, the plate edges and backing bar were overlaid in air per AWS D3.8-93. Details
of the welding parameters and joint design are shown in Global Divers welding report in

the following pages.



Giobal Divers Sheet __ 1 of _2

& Contractors. Inc. W/O No. ED- 028-83
MATERIALS JOINING WORK REPORT

TEMPERATURE TRANSITION CURVE

Location Globai Divers & Contractors, Inc. Port of iberia Contract No. 91-M-4346
Matl () A537 Grage _ ClL1 Mat1 (2) Grade
Ht/Siab No. _78006 HL/Stab No.
Thick 34" in. Dia. in. Thick in. Dia. in.
Electrode (AWS) __EB013 AS1 TN Program Bx 7 Mir.  Proprietary Batch No. 3201
Process SMAW Current/Polarity _CC/DCEP Joirt Type Grogve Position __ 3G
Water Depth 33 Dry Wet X
Weiding Variables:
RF&C PASS:: DAz | AMPS: | VOLTS: LBMG ) asm

ROOT 1-2 e 125 30 9.7 Weld time 73 minutes.

FILL 3-31 18" 175 30 118 Plate edges and backing bar were

CAP 32-38 18" 175 30 119 overlayed in air per AWS D3.6-93.

Figure 14 .

Welder: Darryl R Phillips Date: 10-28-93

Weiding Joint Sketch: Welding Techmaues:
SURPACINS SURFACING Stringer Beads - All Passes Down Hill.
LAYERS
L
8 | 1%
? '
—1 L— 38




Giobat Divers Sheet 2 of 2

& Contractors, Inc. WO No. ED-028-93
Tension Tests: (Reduced Section/All-Waeid-Mstal) N/A
' SPECIMEN ORIENTATION: | ULTIMATE PSL. | YIELD PSL. | ELONGATION | = FAIURE "
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry: AB37 ClL1
T ee| c|m]| p v
CTR
LAB | 462 | 20 | 150 | 014 | 019 | 38 | 03 | .02 | .01 03 | 01 01 — —

Hardness (Vickers/Hockwell): ___N/A

BASE METAL (AVG.)
HAZ (MAX)
HAZ (AVG)
WM (MAX)

Pumose of Test:

Determine energy absorption temperature transition curve for the weld metal of wet weidments made with Ex 7
electrodes.

Remarks & Evaluation:
Twenty-one Charpy V-noich impact specimens were tested at temperatures ranging from 50° F (15.6° C) down to 40° F (-

40° C). Test resuits on the wet weided specimen significantly exceed the AWS D3.5 requirements for Class A weids.
{See accompanying Temperature Transition Curve Table.)

By: CE Grbbs £ TRy, s Date: 11-23-93 Rev: __ —
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Resuits and Discussion

The Charpy impact results of the wet welded specimens are shown in Figure 18.
The upper and lower shelf energies are approximately 30 and 15 ft-Ibs, respectively. The
ductile-brittle transition temperature is around 10°F. These data significantly exceeded
the AWS D3.6 requirements for Class A (dry) welds, with the upper shelf temperature
extending to 20°F. For class A (dry} welds, AWS D3.6 specifies not less than 15 ft-lbs
(20 J) average and 10 fi-ibs (14 J} minimum for welds made on 70 ksi (485 MPa) base
metal at the minimum design service temperature (assumed to be 32°F (0°C). In fact, the
impact properties of this wet weld, made with the Ex 7 electrodes at a depth of 33,
exceeded not only the AWS D3.6 requirements for Class A (dry) welds at the lowest
practical service temperature (28° F) for an underwater structural repair, they also
exceeded the D3.6 requirement to -25°F.

Figure 19 shows the experimental data on lateral expansion of the Charpy V-notch
specimens as a function of testing temperature. As expected, lateral expansion
decreased with decreasing testing temperature. The amount of lateral expansion of the
Charpy specimens indicates the amount of shear (plastic deformation) involved in the
fracture process. As such, decreasing testing temperature will decrease the amount of
plastic deformation in the fracture, thus reducing the lateral expansion. The Charpy V-
notch impact test results are compiled in Appendix XXH.

Energy Absorption - Heat Affected Zone of Wet Weldments

Table Il summarizes the impact properties of heat affected zones of five different
materials when welded with the Program Ex 7 electrodes:

1) A537 Class 1 with 0.462 wi. pct. carbon equivalent and 0.20 wt. pct. carbon

content,

2) A36 steel with 0.26 wt. pct. carbon equivalent and 0.14 wt. pet. carbon

content,

3) Ab88-88A steel with 0.449 wtl. pct. carbon equivalent and 0.13 wt. pct.

carbon content,

4) BS 4360 Grade 50D steel with 0.42 wt. pcl. carbon equivalent, and

5) A106 Grade B steel with 0.42 wt. pct. carbon equivalent.
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ENERGY ABSORPTION TEMPERATURE TRANSITION CURVE FOR
WELD METAL - WET WELD MADE AT -33' (10m) WITH JIP Ex 7 ELECTRODES
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LATERAL EXPANSION TEMPERATURE TRANSIHTION CURVE FOR

WELD METAL - WET WELD MADE AT -33' (10m)} WITH JIP Ex 7 ELECTRODES
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Based on the HAZ impact test results (51 ft-Ibs average impact toughness) of the
A537 Class 1 steel weldments reported in Table Iil, one may conclude that at 28°F, the
impact properties of the HAZ of the weldments were significantly superior to those of the
weld metal, which exceeded the AWS D3.6 requirements for Class A (dry) welds.

Finaily, the relationship between impact energy and carbon equivalent can be
clearly seen in Figure 20. As the alloy carbon equivalent increased, the amount of energy
absorbed at fracture at 28/32°F decreased substantially. This trend clearly indicates the
influence of alloy hardenability and microstructure on fracture resistance. High strength
microstructures such as martensite will usually exhibit reduced impact toughness at low
testing/application temperatures.

Jirfiradrot G

Table Il Heat Affected Zone Impact Toughness of Five Different Steels Using
Charpy V-Notch Testing at 28°F.
Steel Energy Absorbed Shear Lateral Carbon
Type at Fracture Fracture Expansicn Equivalent
{ft-lbs) {(percent) (mils) (wt. pct)
A537 Class 1 43 70 51 0.462
A537 Class 1 45 85 50 0.462
A537 Class 1 72 70 80 0.462
A537 Class 1 47 75 43 0.462
A537 Class 1 49 85 52 0.462
A537 Class 1 50 80 55 0.462
A36* 71 62 57 0.26
A588-88A 32 68 35 0.449
Grade B*
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Steel Energy Absorbed Shear Lateral Carbon
Type at Fracture Fracture Expansion Equivalent
{ft-lbs) {percent) {mils) (wt. pct.)
BS 4360 42 -~ o 0.42
Grade 50D*
A106 Grade 40 57 37 0.42
8*#

fofinalnpLat

*k

Testing Temperature: 28°F.
Testing Temperature: 32°F. Test not performed for this program and data not
reported in Interim Report #1.

SUPPLEMENTAL MTB INFORMATION (Two Reports)

1.

Using Global Divers' proprietary MTB wet welding method and electrodes under
Global Divers' supervision, a North Sea diving company qualified wet welding
procedures and sixteen welder/divers on British Standard 4360 Grade 50D crack
susceptible (CE = 0.416 wt. pct.) material in accordance with the requirements of
AWS D3.6 for Class B welds. Supplemental Charpy V-notch impact tests at O° C
(32° F) resulted in average HAZ absorbed energy of 41.7 ft-lb and weld metal 34.5
fi-lb (Dr. S. Ibarra, Amoco Research has detailed test results). This was the first
use of the Multiple Temper Bead wet welding method which was developed
specified for replacement of a 30" diameter, 65' long, 16 ton vertical diagonal
brace on Amoco’s U.K. Montrose platform in 1990. (See repair photographs on
the following pages).

The following test results were obtained during qualification of all position fillet
welds on ASTM A106 Grade B pipe for the repair of a hurricane damaged
structure in the Guif of Mexico. Carbon equivalent of the material at some of the
repair locations was .42 and test welds demonstrated that it was susceptible to
hydrogen induced under bead cracking in the HAZ. Welding procedures were
qualified using the multiple temper bead wet welding method and Global 1 (Ex 7)
electrodes. Two all weld metal tensile tests results were: 59,500 psi yield, 67,500

3-71



il 985

psi ultimate tensile with 12 % elongation and 64,000 psi yield, 74,600 psi ultimate
with 15% elongation. HAZ Charpy V-notch impact test results at 32° F averaged:
absorbed energy 40 fi-lb, shear fracture 57% and lateral expansion 37 mils, weld
metal average results were: absorbed energy 32 ft-lb, shear fracture 100% and
lateral expansion 37 mils. For Vickers 10 kg HAZ hardness, two of six readings
(342 and 345) exceeded 325 specified by AWS D3.6 for Class A welds, HAZ
average was 282. Weld metal maximum was 242.
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MTB CONCLUSIONS/DISCUSSION
Except where noted otherwise, the following conclusions are based on test results

of a multiplicity of carefully controlled experimental wet welds made at -33 ft in the vertical

pasition with the Program Ex 7 electrodes on the A537 Class 1 material.

1.

The acceptable time interval between deposition of primary weld beads that
tie into crack susceptible (CE >.40) base metals, and the deposition of
temper beads, was determined to be = 2 hours. i.e., it took at least two
hours for the hydrogen induced underbead cracks to develop in the HAZ of
the base metal. This information is essential to the selection of the most
efficient sequence for deposition of weld beads/layers.

The MTB technique was effective in preventing HAZ cracking with distances
between toes of primary and temper beads varying from 1/16" to 3/16".
This latitude of temper bead placement indicates that the MTB technique
can be used under less than ideal underwater work conditions, and by less
that highly skilled welder/divers.

Results of Vickers 10kg hardness test show that with or without, deliberate
use of temper beads, excessive hardness (>325) was found only in the HAZ
under the toes of cap passes. This emphasizes the need for increased
temper bead heat input (2 37.0 kJin), or the half bead procedure as
described in the Phase | Supplemental Report reference fillet welds.

The weld metal and HAZ Charpy V-notch impact properties at 28° F
significantly exceeded the AWS D3.6 requirements for Class A (dry) welds.
In fact, weld metal impacts met the AWS requirements at test temperatures
down to -25° F.

Prior to the use of the Ex 7 electrodes, all evidence indicated that for wet
welds, HAZ hydrogen cracking developed within less than 10 minutes. The
fact that the Ex 7/A537 weldments took 2 2 hours to show evidence of HAZ
cracking raised the question: Did use of the Ex 7 electrodes, or
normalization of the A537 material delay the HAZ cracking? This doubt
was dispelled when the Navy A516 Gr. 70 (CE .44) normalized plate was
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welded with Ex 7 electrode with no temper beading and, not only were no
cracks seen during welding or magnetic particle examination, but one of
four macros from the 3/4" 3G weld did not reveal any HAZ cracks at 100x.
As previously report, when this material was welded with commercial wet
welding electrodes, the welder reported HAZ cracking as he was making the
weld.
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MULTIPLE TEMPER BEAD WELDING (Phase |, Part 1)

Appendices
Table of Contents
Documents

Multipte Temper Bead (MTB) Time interval welds -
SRC Engineering, Inc. Mt Lab (SRC) Microscopic
(100X} Examination Results. (45, 105, 120, 135, and
195 second intervals).

MTE Time Interval Welds - SRC 100X Examination
Results. (60, 90, 150, 180, and 210 second intervals).

MTB Time Interval Welds - SRC 100X Examination

Resuits (4 to 10 minutes at 30 second intervals, 10

to 60 minutes at 10 minute intervals, 1 to 2 hours at
30 minute intervals, and 2.5 to 4 hours at 30 minute
intervals).

Global Divers Material Joining Work Reports (MJWR)

for MTB Toe-to-Toe Distance Welds with SRC 100X
Examination Results, Vickers 10 kg Hardness Surveys

and Charpy V-notch HAZ test results. (3/32", 1/8", and 3/16"
Toe-to-Toe Welds).

MJWR's for MTB Fillet Welds with SRC 100X examination
results and Vickers 10kg hardness surveys for welds made
with heat input levels of 2, 3, 4, and 5.

All-weld-metal, and reduced section, tensile test results
Charpy V-notch HAZ and weld metal test results.

Side bend test results (All position 3/4" groove welds).
MJWR's and Charpy V-notch Impact results with Notch

parallel and non-parallel, to the HAZ, plus radiographs
of all position confirmation welds.
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MJWR's for welds made with and without MTB on A36
(CE .26), A36 (CE .415) and A488-88A (CE .449) base
metal.

Charpy V-notch HAZ test results of specimens from
welds made with and without MTB's on A36 (CE.26)
base metal.

Vickers 10kg hardness surveys on welds made with
and without MTBs on A36 {CE.26) base metal

Charpy V-notch HAZ test results of specimens from
welds made with and without MTB's on ASTM A588-88A
base metal.

Vickers 10kg hardness surveys on welds made with
and without MTBs on A588-88A base metal.

Results of 100X HAZ examinations of welds made with
and without MTB's on A36 (CE.415) base metal.

Side bend test results - welds made with and without
MTBs on A36 (CE.415) base metal.

Vickers 10kg hardness surveys of welds made with
and without MTBs on A36 (CE .415) base metal.

Charpy V-notch weld metal impact test results developed
for the energy absorption temperature transition curve.

XV

XV

XVl

XVil

XVill

XX

XX



APPENDIX V

SRC _ENGINEERS , ITINC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.O. #¥GD106064 Underwater Weld Sample-45 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.

No evidence of any Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olyvmpus

Serial No.: 502796

Last Servicing: December, 1992
SRC Job No. 92-352

Certified By: ,bﬂw-fézgmw*/q//{muu 6“24”%§

Reviewed By: E&Sa%iﬂiaﬁf Cfldé%awmv Date: & ~F&-23

GLOBAL.MAC




SRC ENGINEERS , ITNC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HNAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.0O. #GD106064 Underwater Weld Sample-105 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.

No evidence of any Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 13992
SRC Job No. 92-352
e P —
Certified By:__ /-7 f“w’ffﬂifx Date: &£-2F-73

Reviewed By: fé£%§32§7é?{ig%%%§””” Date: £ -2F#-75

GLOBAL .MAC



SRC FEFENGINEERS , INC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.0O. #GD106064 Underwater Weld Sample-120 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.

No evidence of any Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796

Last Servicing: December, 1992

SRC Job No. 92352

Certified By: ’”ZZ;;W /ég;%*‘““’7féﬁf- Date: G -24-F3

< ' -
Reviewed By: " y Date: & ~E24Z 53

GLOBAL . MAC



SRC ENCINEERS _ TINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TRST PERFORMED: Macro Etch on weld sample
P.0. #GD106064 Underwater Weld Sample-135 sec,

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.

No evidence of any Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Qlympus

Serial No.: 502796

Last Servicing: December, 1992
SRC Job No. 92352

Certified By: WMZ;:;: /é%élﬁﬂﬂwﬂ/fpff bDate: 5§“Z§iJ235
e
Reviewed By: égjéi;;t;?Q;f%z%%&w“ Date: & ~<FE =5
7 —

GLOBAL .MALC




SRC _ENGINEERS ,, INC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HAME: Global Divers
New I1beria, La.

PEST PRERFORMED: Macro Etch on weld sample
P.0O. #GD106064 Underwater Weld Sample-195 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Bxamined at 5X, 50X, & 100X Magnification.

No evidence of any Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796

Last Servicing: December, 1992

SRC Job No. 92-352

Certified By:‘“7C;;; /éééilaaywﬂwfﬁfy/ Date; &-29-73
Reviewed By: gfgz%ﬁﬁtdﬁz-6:22é§§ﬁ~m\¢. Date: & 2F-FF

GLOBAL . MAC




Appendix VI
SRC ENGINEERS, TNC.

837-~3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro BEtch on weld sample
P.O. #GD106064 Underwater Weld Sample-60 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Indications of Unidentified Cracks were found.
Further study of these cracks by the Colorado

School of Mines is advised.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Clympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

Reviewed By: S Og A (e —  vave: & -24-75

GLOBAL JMAC



SRC FENGCINEERS @ TNC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Pivers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.O. #GD106064 Underwater Weld Sample-90 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Indications of Unidentified Cracks were found.
Further study of these cracks by the Colorado

School of Mines is advised.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796

Last Servicing: December, 1992
SRC Job No. 92~-352

Certified By:_ /. 2u_ /m/ Date: 5‘35‘"‘?5

Date: E —~GF - o2

Reviewed By:




SRC ENGINEERS . TINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.0. #GD106064 Underwater Weld Sample-150 sec.

gpecification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Indications of Unidentified Cracks were found.
Further study of these cracks by the Colorado

School of Mines is advised.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 5027396
Last Servicing: December, 1992
SRC Job No. 92-352

M .
Certified By: /&kﬂaléé;%;m»“ﬂ~45¢;¢y’ ﬁate:<é‘éai”¢?f§
Reviewed By: :Sigﬁﬁif}i{fékzzﬁﬁhmgmﬂ pate: A ~<E—P5
N

GLOBAL .MAL




SRC ENGINEERS , ITINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.0. #GD106064 Underwater Weld Sample-180 sec.

Specification: In _accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 53X, 50X, & 100X Magnification.
Indications of Unidentified Cracks were found.
Further study of these cracks by the Colorado

School of Mines is advised.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796

Last Servicing: December, 1982

SRC Job No. 92-352

Certified By: /»¢u1d ' Date:_&-Z2F~7 =,

Reviewed By: Eiﬁﬁﬁﬁijjy'i’f£’/¢«'-w Date: S-S

ot

GLOBAL . MAC



SRC FENGINEERS |, LN o

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on weld sample
P.O. #GD106064 Underwater Weld Sample-210 sec.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 5X, 50X, & 100X Magnification.
Indications of Unidentified Cracks were found.
Further study of these cracks by the Colorado

School of Mines is advised.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502786
Last Servicing: December, 1992
SRC Job No. 92-352
g™
Certified By:__ /. g é;,;«-ﬂ/ Date: & - Z2F-5=
Reviewed By: _—woogi. ~ o0 = .. Date: e

GLOBAL . MAC
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Appendix VI

TEMPERED BEAD TIMING WELDMENTS

Four Minutes to Ten Minutes
Thirty Second Intervals
No HAZ Cracks



SRC ENGCGINEFERS , LINC .

837-3810, 31108 »* LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch of Timing Beads _on A537 Plate
P.O. #GD406936
Time: 240 seconds

Specification: In accordance with AWS D3.§

MACRO TEST RESULTS:

HAZ Examined at 50X, & 100x Magnification.

No evidence of Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Qlympus

Serial No.: 502796

Last Servicing: December, 1992
SRC Job No. 92-352

/ s i
Certified By: ~/u. Aﬁ%;zzmwx/// Date: 7-79. %=

Gh4O8936



SRC ENGINEERS « ITINC .

837-3810, 31106 + LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers

New Iberia, La.

TEST PERFORMED: Macro Etch of Timing Beads on A537 Plate
P.O. ¥GD406936

Time: 270 seconds

Specification: in_accordance with AWS D3.§

~MACRO TEST RESULTS:

HAZ Examined at 50X, & 100X Magnification.

No evidence of Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: s02796

Last Servicing: December, 1992
SRC Job No. 92-352

”f”f/ g z*zkw/’fﬁﬁff P! Cf
Certified By: 7/ . /%'/ : Date:_7- 27- 7=

GD40BI36



SRC ENGINEERS . INC .

837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, ILa.

TEST PERFORMED:_Macro Etch of Timing Beads on A537 Plate
P.0. #GD406935
Time: 300 seconds

Specification: in accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 50X, & 100X Magnification.

No evidence of Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

el Metalloagraph
Typ

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

N

3
~0
o

Certified By: ”7:;w féluwwv“/§7 Date: -

GD406836



SRC ENGINEERS , LTINC .

837-3810, 31106 LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch of Timing Beads on A537 Plate
P.0. #GD406936
Time: 330 seconds

Specification: In accordance with AWS D3.6

~MACRO TEST RESULTS:

HAZ Examined at 50X, & 100x Magnification.

No evidence of Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Qlympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

+

P i / — .
Certified By: ./, {Mmf@/ Date: 7~ Z2F-F-%

GD4069136



SRC ENGINEERS ., ITINC .

837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch of Timing Beads on A537 Plate
P.O. $#GD406936
Time: 360 seconds

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 50X, & 100X Magnification.

No evidence of Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796

Last Servicing: December, 1992
SRC Job No. 92-352

3 . / —/ 7 "
Certified By: P %{fgﬂ bDate: - 79~ ‘7\3

GhAG6936



SRC ENGCINEFRFRS , LIINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) B837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch of Timing Beads on A537 plate
P.O. ¥#¥GD40693%
Time: 390 seconds

Specification: In accordance with AWS D3.¢

MACRO TEST RESULTS:

HAZ Examined at 50X, & 100x Magnification.

No evidence of Hydrogen Cracking were found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92~-352

/j’: / i -
Certified By: "Z;;;léhﬁﬁamub4’/ Date: 7-29-9F

GD406338



SRC ENGINEERS, TNC.

837-3818, 31186 * LAFAYETTE, LA 78593-11686 * FAX (318) 837-5718

COMPANY NAME: Global Divers
New Iberia, La,

TEST PERFORMED: Macro Ftch on Timing Beads on Plate
P.O. #GD4087421
3/4" A537 Class 1 Mat’l.(.462 C.E.) 6.5 min.

Specifications: In _accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 188X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 582796
Last Servicing: December, 1992
SRC Job No. 92-352

) / % / i
Certified By: P O i et Date:_ ¢ -/ 3 9 %

GLOBALLZ MAC



SRC ENGINEERS . INC .

837-3818, 31186 + LAFAYETTE, LA 78593-1186 + PAX (318) 837-571g

COMPANY HAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on_Timing Beads on Plate
P.O. #GD497921
3/4" A537 Class 1 Mat'l.(.462 C.E.) 7.7 min.

Specification: In_accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 198X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

e: Metallograph
Typ

Manufacturer: Qlympus

Serial No.: 5082796
Last Servicing: December, 1992
SRC Job No. 892-352
Vs . 5
Certified By: /x//m f?ch»:ﬂ/ Date: /O-/3 ¢

GLOBAL1Z . MAC



SRC ENGINEERS XINC .

837-3818, 31186 * LAFAYETTE, LA 78593-1186 * FAX (318) 837-5718

COMPANY MNAME: Global Divers
New ITberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD497821
3/4" AS537 Class 1 Mat'1l.(.482 C.E.) 7.5 min,

Specification: In_accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 180X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 582796

Last Servicing: December, 1992

SRC Job No. 92-352

Certified By: [ ﬁ»u@aﬁﬁa4,/’ Date: /0”/?‘?75

GLOBAL1Z.MAC




SR ENGINERRS LIC .

837-3818, 31196 = LAFAYETTE, LA 78593-1186 + FAX (318) 837-571g

COMPANY NAME: Global Divers
New Iberia, ILa.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD407821
3/4" A537 Class 1 Mat'l.(.462 C.E.) 8.¢@ min.

Specification: In _accordance with AWS D3.6

MACRQ TEST RESULTS:

HAZ Examined at 148X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 582796
Last Servicings: December, 1992
SRC Job No. 52-352

ol

: . ////
Certified By: %,7;;~ Kﬁziaqy?»<‘ pDate: /¢ -/3 73

GLOBAL1Z.MAC



SRC ENGINEERS . LINC .

837-3818, 31186 =* LAFAYETTE, LA 78593-1186 * FAX (318) 837-5719

COMPANY NAME: Global Divers
New Ibheria, La,

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD4¢@7821
3/4" A537 Class 1 Mat’l.(.462 C.E.) 8.5 min.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 18@X Magnification.

There was nc evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Clvympus

Serial No.: 5827396
Last Servicing: December, 1992
SRC Job No. 92-352
/ /}!/tz/t// s
Certified By: ~ /e )é” Date:_ /& -/ 35-7

GLOBAL L2 .MAC



SRC ENGINEERS LINC .

837-3818, 31196 = LAFAYETTE, LA 78593-1186 * FAX (318) 837-571¢

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GDh4agipe1
3/4" AS37 Class 1 Mat’l.{.462 C.E.) 9.4 min.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 188X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502736
Last Servicing: December, 1992
SRC Job No. 92-352

Certified By: “ff:;: f,,:;;xwfyr/// Date: /O-/ 3-4 53

GLOBALIZ JMAC



SRC ENGINEERS , INC.

837-3818, 31186 * LAFAYETTE, LA 70593-1186 * FAX (318) 837-5718

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD4BA7921
3/4" AS537 Class 1 Mat'1.(.462 C.E.} 9.5 min,

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Exzamined at 188X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: SA2796
Last Servicing: December, 1992
SRC Job No. 92-352
T P / i . : >
Certified By: /e %iéwzbﬁ Date: ﬁﬁ,/57f2§

GLOBALIZ .MAC



SRC ENGINEERS , TNC .

837-3818, 31186 * LAFAYETTE, LA 78593-1186 * FAX (318) 837-571@

COMPANY NAME: Global Divers
New _Iberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD487@21
3/4" A537 Clagss 1 Mat’1l.(.462 C.E.Y 1.8 min.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 108X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 582796
Last Servicing: December, 1992
SRC Job HNo. 92352

Certified By: “7/;; ,ég;uxmﬁz4fyf Date: /% /5-773

GLOBALLZ . MAL



TEMPER BEAD TIMING WELDMENTS

Ten Minutes to Sixty Minutes
Ten Minute Intervals
No HAZ Cracks



SRC ENGCGITNEERS , TINC .
837-3810, 31106 * LAFPAYETTE, LA 70593-1106 * FPAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch of Bead con Plate
P.O. #GD406534
A537 C1l.1, (16 min.)

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:
HAZ Examined at 100X Magnification.

No evidence of any cracking was found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: QOlvmpus
Serial No.: 502796
Last Servicing: December, 1992

Certified By: R P Date: &3 45

GCLOBAL 1S .MhL



SRC ENGINEERS | ITINC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
COMPANY NAME: Giobal Divers
New Iberia, La.
TEST PERFORMED: Macrc Etch of Bead on Plate
P.O. #GD406534
AS537 C1.1, (20 min.)
Specification: In accordance with AWS D3.6
MACRO TEST RESULTS:
HAZ Examined at 100X Magnification.
No evidence of any cracking was found.
EQUIPMENT UTILIZED FOR TEST
Type: Metallograph
Manufacturer: Qlympus
Serial No.: 5027396
Last Servicing: December, 1992
Certified By: “7?;;; 5;;1~ﬁ~w(’/ Date: #-°5 -

GLOBALLS .MAL




SRC ENGINEERS, INC.
837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Glchbal Divers
_New Iberia, La.

TEST PERFORMED: Macro Etch of Bead on Plate
P.O. #GD406534
A537 €1.1, (30 min.)

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

No evidence of any cracking was found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus
Serial No.: 502796
Last Servicing: December, 1992

= Z/ﬂ// g
Certified By: [ can %5223 Date: % -~ 7%

GLOBBRELLS MAC



SRC ENGINEERS, THNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch of fead on Plate
P.O. #GD406534
A537 C1.1, (40 min.}

Specification: in accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

No evidence of any cracking was found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Qlvmpus

Serial No.: 502798

Last Servicing: December, 1952

e /) ’ P
Certified By: [ e ﬂfﬁﬁimﬁwwff// Date: &-5 -7 3

GLOBALLIS LHMAC



SRC ENGINEERS, EXNC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Theria, lLa.

TEST PERFORMED: Macro Etch of Bead on Plate
P.O. #GD406534
AS37 C1.1, (50 min.}

Specification: In accordance with AWS B3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

No evidence of any cracking was found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796

Last Servicing: December, 1992

-

e < /
Certified By: [ b/flxmfwwwf/# Date: 5 T ¥

B
2

GLOBRLLS . MAC



SRC ENGITNEERS, THNC.

§37-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HAME: Global Divers
New ITberia, La.

TRST PERFORMED: Macro Etch of Bead on Plate
P.O. #CD406534
AS537 €1.1, (60 min.)

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:
HAZ Examined at 100X Magnification.

No evidence of any cracking was found.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796

Last Servicing: December, 1992

Certified By: ’fi::; ;é;;;;mﬂf:;7// pate: £-5°7%

SLOBALILS MAC




TEMPER BEAD TIMING WELDMENTS

One Hour to Two Hours
Thirty Minute Intervals
No HAZ Cracks



SRC ENGINEFERS , 1THNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAMFE: Glohal Divers
New Iberia, La,

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD106997
3/4r AS537 Class 1 Mat‘l.({.462 C.E.} 1.0 Hrs.

Specification: In accordance with AWS D3.56

MACRO TEST RESULTS:

HAZ Examined at 100X Magnificatiom.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 5027986
Last Servicing: December, 1992
SRC Job No. 92-352

S S
Certified By: “152:';%zgpuﬂ m/Aﬁﬁf Date:_©0 /- 7=

SLOBALI3.MALC



SRC ENGINEERS , INC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD106997
3/4" AS37 Class 1 Mat*1l.(.462 C.E.} 1.5 Hrs.

Specifications: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

/ /
Certified By: /e /éé;;ﬁm¢' /// bate: ~2-/-9%

SLOHALLI MAC



SRC ENGINEERS . LEINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.C. #GD106997
3/4" A537 Class 1 Mat’1.(.462 C.E.) 2.0 Hrs.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 5027396
Last Servicing: December, 1992
SRC Job No. 92-352

e - .
Certified By:_ "7 . P e £ Date: o~ 2/- 9=

GLORAL13 .MAC



TEMPERED BEAD TIMING WELDMENTS

Two and a-half Hours to Four Hours
Thirty Minute Intervals

all with HAZ Cracks

Rev. November 28, 1995



SRC ENGINEERS IICE .

837-3810, 31106 * LAFPAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HAME: Global Divers
New Iheria, La,.

TEST PERFPORMED: Macro Etch on Timing Reads on Plate
P.O0. #3D106897
3/4" A537 Class 1 Mat’l.(.462 C.E.) 2.5 Hrs.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Exzamined at 100X Magnification.
There was evidence of typical Hydrogen Cracking

in the HAZ of the base metal under the Wet Primary Bead.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

- 7
Certified By: '/7::j ﬁ%ﬁ?;wuﬂ.ﬂéﬁy Date: -/ 772

SLORALL3 . MAC



SRC ENGINEERS . LINCS .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAZ (318) 837-5710

COMPANY HAME: Glecbal Divers
' New Theria, La.

TEST PERFORMED: Macro Ftch on Timing Beads on Plate
P.Q. #6D106997
3/4" A537 Class 1 Mat’'l.(.462 C.E.} 3.0 HBrs.

Specification: In accordance with AWS D3.5

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.
There was evidence of typical Hydrogen Cracking

in the HAZ of the base metal under the Wet Primary Bead.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1592
SRC Jeb No. 92~352
-—""// /j’ / e [
Certified By: : Aw«jﬁgﬁcwza@m,/‘ Date: 7 -/.% %

GLOBAL L] .MAC



SRC ENGCGINEERS , TNC.
837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Glebal Divers
New Iberia, La.

TEST PERPORMED: Macro Etch on Timing Beads on Plate
P.O. #GD106997
3/4" A537 Class 1 Mat’l.(.462 C.B.Y 3.5 Hrs.

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.
There was evidence of typical Hydrogen Cracking

in the HAZ of the base metal under the Wet Primary Bead.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job HNo. 92-352

Certified By: fone [ Brre ., Date: & J/~73

GLOBAL 13 . MAL



SRC FENGCGINEERERS , EINC .

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Timing Beads on Plate
P.O. #GD106997
3/4" A537 Class 1 Mat’l.({.462 C.E.} 4.0 Hrs.

Specification: In _accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.
There was evidence of typical Hydrogen Cracking

in the HAZ of the base metal under the Wet Primary Bead.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 32352

__,?—-/. ., / o
Certified By: . ta_ £ oo Date: ©-/-73

GLOBAL13 .MAC



Appendix VHi

Global Divers Sheet 1 ot 2
& Contractors, Inc. W/O No. _ED-008-92

MATERIALS JOINING WORK REPOHRT
Part 1 MTB Toe-to-Toe Distance 332"

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4346
Matl (1} A 537 Grade Ci1 Mat1 {2) Grade
Ht/Slab No. __79006-12 Ht./Slab No.
Thick 58" in. Dia n. Thick in. Dia in.
Elecirode (AWS) E 6013 A5.1 TN _Program Ex 7 Mir. _Proprietary Cuy
Process SMAW Cument/Polarity CC/DCEP/PULSE Joint Type _V-GROOVE (87 Position _3G
Water Depth 33 Dry Wet X
PR REMARKS
ROOT 1 18" 150 - 160 28 - 30 57 Temper beads were deposited on all
ROOT 2 18" 150 - 160 28 - 30 53 beads that ied into the base metal.
B AVG 18" 155 30 89 Toe-to-toe distances were 3/32".
FILL AVG 18" 155 30 87 Number of passes -32. Electrodes
CAP AVG 1/8" 155 30 89 consumed -43. Wekding time 45
minutes.
e o
Weider: Darryl R. Phillips Date: 6-1-83
Weiding Joint Sketch: Weiding Techniques:

Stringer Beads with all passes downhill,

X -
NV




Global Divers Sheet 2 of 2

& Contractors, Inc. W/O No. _ED-008-83
Tension Tests: (Reduced Section/All-Weld-Metal) N/A N
 SPECIMEN | ORENT | | utTMatES. YELDS. | ELONGATION | FALURE
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADiIUS RESULTS
1
2
3
4

LAB | 462 20 | 1.50 | 014 | 019 38 .03 02 .01 03 01 01 o -

Vickers 10 kg, combined

test resuils on four macros

BASE METAL (AVG.) 178 180

HAZ (MAX) 369 345

HAZ (AVG) 312 241

WM (MAX) 207 260

Purpose of Test: Determine maximum acceptable distance between toes of primary beads and toes of

temper beads.

Remarks & Evaluation: Charpy V-Notch HAZ impacts at 28° F averaged 47 ft. Ibs. with 75% shear.
No HAZ cracks at 100X.

By: C.E. Grubbs W/;% ,%/ Date: £-1-93 Rev: pand




SRC ENCGCINEERS, TNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FPAX (318) 837~5710

COMPANY HNAME: Global Divers

New Theria, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample

3/32" - #1 (P.0O. #GD10638B4) 3G - With T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
N\ 266 N <05 189 189 ’,/': 282 i
N 181 \\ » /‘ 238

> . Zu y

AN R 199 7 o27¢C

t28% N 1s9 186 236 /
180 183 N 186 L - yd 191
188 V77 s
S.i81 N7 73 212 S
230 -7 258

191

Note: HAZ Examined at 5X, 40X, & 100X Magnificatien.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-597

Last Calibration: January 18, 1993

SRC Job No. 92-352

Certified By: w7j;;w ¢é;Z;-~”7//¢f Date: éﬁwkﬂ‘?fi
i
Reviewed By: “Sloads YU . Date: SE-rF-5:

~J

GLOBALL.VIC




SRC ENGINEERS , INC.

837~3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HAME: Glecbal Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kqg load hardness test on weld sample
3/32" « #2 (P.O. #%GD106384) 3G - With T.RB.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
782 206 225 205 Toe2 /
258 N 8
AN 126
. 1786 48 g0 S p
266 184 196 . pas e
175 N212 - a3 HE
88 W 185 165 / ° -
N 212 N\J62 1857 212 7
282 ST 282

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 923532

Certified By: Hﬁ;:;:; /gégé;;wwf”’7iﬁyfnate: <§:/%¢‘?Eg
Reviewed By: E§§;§;§;§ﬂ§&£22é%%?ﬁ.*___ Date: _(g~/g L+

GLOBRL1.VIC




SRC ENGINEERS, TITNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PRRPORMED: Vickers 10kg load hardness test on weld sample
3/32" - #3 (P.O. #GD106384) 3G - With T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
‘\ v 183 171 71 245 /
w369 21z
N 75 4
NN, 138 170 188 o
65 63 ‘\\ﬁ§§ 103 Ay 235 6 =z
T i 2] g 1 7
. 150 183 K 0 7S 4
. 198 154 180 212
222 252

Mote: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92.352

/ -
Certified By: Zﬁww,/ééggiﬁﬁqm,/{;ﬁﬁw Date: &-/#-7=

Reviewed By: :3§£§%;$%;;Z¢£2Lg%ﬁzmﬁ_ Date: O -~#F-52

GLOBALL.VIC




SRC ENGINEERS , TINC -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HAME: Glecbal Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
3/32" - #4 (P.0O. #GD106384) 3G - With T.B.

Specification: TIn accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
/’_—\
N 278 207 212 260 a2/
295 263
\ 1‘93 ,/ /
NN e i ~
TE 58 S i .
178 181 28 218 165 e 173 169 ///
. 260 W399 2127230
247 240

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

o ;égzziabﬂbﬂ,»fffﬁﬁﬂd |
Certified By:_ ] . fFFo= pate: 4—/F-93
Reviewed By: 5§Sg%;azé::aggiézéééru_h;_ Date: =5 AT BT

GLOBRL1.VIC




SRC ENGINEERS , TNC.
P.0. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-38106, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 07-07-93 P.0. No. GD106384
Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-370, E-23
Test Performed on: _3/32" labeled weld

Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be altered, deleted from, pubiished and/or used except in full.

RESULTS
ABSQORRBED PERCENT LATERAL
SPECIMEN NUMBER ENERGY SHEAR EXPANSICN
ft - 1bf | FRACTURE (mils)
Hl{Heat Affected Zone) 41 85 39
H? (Heat Affected Zone) 41 70 42
H3(Heat Affected Zone) 53 g5 45
H4 (Heat Affected Zone) 47 70 46
HS (Heat Affected Zone) ‘ 54 70 43

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius QOlsen

Serial No.: 85900

Liast Calibration: January 18, 1993

Certified By::‘ ﬁ %/ Date: 6-5-73

‘Tim J. Broussard
SRC Engineers, Inc.

Reviewed By:;:§§5;3§g:£22£Z2@k~m~ Date: 2S-pd - P2
GLOAALL.CHP 4 \)




Giobal Divers Sheet 1 of 2
& Contractors, Inc. W/O No. _ED-009-83
MATERIALS JOINING WORK REPORT
Part 1 MTB Toe-to-Toe Distance 1/87

Location GLOBAL DIVERS - PORT OF IBERIA Comtract No. g1-MA4345
Mat? (1) A 537 Grade ___Cl1 Mat' (2) Grade
Ht/Siab No. _ 79006-12 Ht/Slab No.
Thick 58 in. Dia. in. Thick in. Dia. in.
Electrode (AWS} E 6013 AS 1 TN _Program Ex 7 Mir. _Proprietary Coy
Process SMAW Cument/Polarity CC/DCEPPULSE  Joint Type _V-GROOVE (81 Positon _3G
Water Depth 33 Dry Wet X
e e i e
- CAMPS | VOLTS | LPML REMARKS
ROOT 1 18" 1580 - 160 28 - 30 8.2 Temper bead was depositeg on all
ROOT 2 18" 150 - 160 28 - 30 6.1 beads that tied into the base metal.
1B AVG 18" 155 30 9.1 Toe-to-toe distance was 1/8".
FILL AVG 118" 155 30 84 Number of passes -34. Electrodes
CAP AVG 18" 155 30 89 consumed -41. Welding time -54
FrEnutes.
i s e
Welder: Daryvi B. Phillips Date: §1-93
Welding Joint Sketch: Weiding Techniques:

Stringer Beads with all passes downhill.

p L
/g N V —
|

I
¥
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3224\| Giloval Divers Sheet 2 of 2

& Contractors, Inc. W/O No. _ED-009-93

Onee®
U BAILURE

1

2

Bends: N/A

SPECIMEN ROOT FACE SIDE *RADIUS RESULTS

1

2

3

4

Chemistry:

CTR

LAB | 462 | 20 | 150 014 | 018} 38 | 03 | 02 01 03 01 01 - —

Hardness (Vickers/Rockwell): _ Vickers 10 kg, combined test results on four rmnacros,

BASE METAL (AVG.) 177 172
HAZ {(MAX) 340 361
HAZ (AVG) 269 264
WM (MAX} 212 212
Purpose of Test: Detenmine maximum acceptable distance between toes of primary beads and toes of
temper beads.
Remarks & Evaluation: Charpy HAZ V-Notch impacts at 28° F averaged 49 ft. Ibs. with 85% shear.
No HAZ cracks at 100X,

| By: _. GC.E Grubbs %AW/Z, Date: 5-1-93 Rev: —




SRC ENGINEERS [, @ LKNC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Ibheria, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sampie
1/8" - #1 {P.0O. #GD106384) 36 -~ With T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
//——"M%-\\
e . Ry
? N a0 N 178 138 88 381/
N - AN /.' o
N AN 192 /
N og79 N - sz S
75 165 N ’ / 184 175
N 282 N~ - ez

Note: HAZ Examined at 5¥, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

e
Certified By: [ﬂm\,/§é£;$-”4;// Date: 5”/¢”ﬁifi

Reviewed By: W bate: _od - /-2

GLOBALI.VIC




SRC ENGINEERS . ENC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
1/8" - #2 (P.Q. #GD106384) 3G - With T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
33 201 201 198 o283/
\\244 \\ ) Co286 -
-1 - - S
T238 N 190 182 218
1 N267 ™ ’ 175
189 189 \ 267 \_ g0 192 S 179
. 243 -212 174 218
266 S 275

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92~-352

Certified By:__ /. Date: &E~/F-T75S
Reviewed By: :;iii;;&g}z&fé%%%%zﬁad;_ Date: of — .27

GLOBAL1.VIC




SRC ENGINEERS, TNC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kag load hardness test on weld sample
1/8" - #3 (P.0O. #GD106384) 3G - With T-B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: vickers 10kg
| 294 N\ 202 227 22 232/
\ 267 . om0y
. \ 190
' \, N 177 76 282 7
: o8 86 N 174 176 7 , - !
N. 283 NJ88 186 223
1 236 7 269

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

= -

Certified By: [ . Agégiuﬁwyrw’(éy Date: é:aﬁf“ﬁffg

Reviewed By: g;gg%;zg;ziéizﬁzgém“ Date: && —AF. 73
9

GLOAALL.VIC




SRC _ENGINEERS, TNC -
837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837- 5?10

COMPANY NAME: Global Divers
New Iberia, La.

TRST PERFORMED: Vickers 10kg load hardness test on weld sample
1/8" - #4 (P.O. #GD106384) 3G- With T.8.

Specifications: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

| 279 20¢C 207 e zgg 7/

v N -39

‘ N _ 156 139 270 )
A %;é\m 178 . 212// 19 - j

7 i - 39 7

| 1o e N 175 180

230 \180 180.7 275 yd

| 255 C235

Mote: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

Certified By: /;mww -z Date: é;wwﬂgz*i?g?
Reviewed By: ;§;2§;222;@M§22£2%?::;_ Date: (& - /& -97

GLOBALL.VIC




SRC FEINGINERERS LIINC .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARY, P.E.

CERTIFICATE OF ANALYSIEIS

Date: 07-07-93 P.O. No. GD106384
Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Tmpact Test per ASTM A-370, E-23
Test Performed on: 1/8" labeled weld

Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be altered, deleted from, published and/or used except in full,

RESULTS
ABSORBED PERCENT LATERAT,
SPECIMEN NUMBER ENERGY SHEAR EXPANSTON
ft - 1bf FRACTURE (mils)
Hl(Heat Affected Zone) 43 85 48
H2 {Heat Affected Zone) 52 85 63
H3{Heat Affected Zone) 68 85 55
H4 {Heat Affected Zone) 42 85 38
HS5 (Heat Affected Zone) _ 54 85 52

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Olsen

Serial No.: 85900

L.ast Calibration: January 18, 1993

Certified By:' ‘ﬁg, /4’%/ Date: 6~ &E~7=

- Tim J. Broussard
SRC Engineers, Inc.

Reviewed By: ﬁﬁggzzgzéggzgzgég%?;&~wm Date: _ gL . 08-27
GLOBALL. CHP




Global Divers Sheet 1 of _2

& Contractors. Inc. WO No.  ED-010-83
MATERIALS JOINING WORK REPORT
Part 1 MTB Toe-io-Toe Distance 3167

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4346
Mat1 (1) A 537 Grade __ Cl ! Mat' (2) Grade
Ht/Stab No. __79006-12 Ht/Slab No.
Thick 58" in. Dia. in. Thick n. Da ________in
Electrode (AWS) E 6013 AS.1 TN _Program Ex 7 Mir. _Proprietary Ctry
Process ___ SMAW Current/Polarity CC/DCEP/PULSE  Joimt Type _V-GROQVE (87~ Position _3G
Water Depth __33' Dry Wet X
Welding Varnables: .
W =
‘RF&C | ‘PASS DiA. | AMPS YOLTS IPM REMARKS
ROQT 1 18" 150 - 160 28 - 30 62 Temper bead was deposited on all
ROOT 2 18" 150 - 160 28 - 30 6.1 primary beads that tied into the base
B AVG iy 155 30 89 metal . Toe-io-toe distance was
{ FILL AVG 18" 155 30 8.6 316" Number of passes -34.
CAP AVG 1/8° 155 30 B9 Elecirodes consumed 41, Welding
time -54 minutes,
B WOD—
Weider: Damryi R. Phillips Date: _§-1-83
Weiding Joint Sketch: Weiding Techniques:

Stringer Beads with all passes cownhill

3o 30°
‘x )\[‘ 4]/ I
/ h [wa
\ i
£ i N
E B ’

L
‘I 1716° ~
L» 38




Global Divers Sheet 2 of 2

& Contractors, inc. WO No. _ED-010-83
Tension Tests: (ieduced Section/All-Weld-Metal) N/A
 SPECIMEN ORIENT _ ELONGATION | = FAILURE
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE *RADIUS RESULTS
i
2
3
4

.+ CTR
taB| 462 | 20 | 1501 o014 | 019 | 38 | 03 | 02 | .01 03 | .01 01 — -

Hardness (Vickers/Rockwell): _ Vickers 10 kg, combined test results on four macros.

BASE METAL (AVG.) 168 170

HAZ (MAX) 332 316

HAZ (AVG) 258 255
WM (MAX) 286 212

Purpose of Test:

Remarks & Evaluation: Champy HAZ V-Notch impact test results at 28° F averaged 50 ft. Ibs. with 80% shear.

No HAZ cracks at 100X,

- By: C.E. Grubbs /fi/m l[,;__ Date: 5-1-93 Rev: o




SRC ENGINEERS, TNC.

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, la.

TEST PERFORMED: Vickers 10kag load hardness test on.weld sample
3/16" - #1 (P.O. #GD106384) 3G ~ wWith T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
305 N 180 180 183 034
NEEFAE /282
) 182 / /
171 85 250 N F <12 /230
N 212 212 / 165 182
S\ 245 188 2127 285
\\?80 204

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-997

Last Calibration: January 18, 1993

SRC Job No. 92-352
e, /4257 (//*/ S
Certified By: /,«mw,, o e Date: L - - -~

Reviewed By: &R(gfiﬁﬁzz Cél%%%%mah_ Date: _ o€ -/Z-53

GLORALLI.VIC




SRC ENGINERERERS . IINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY NAME: Global Divers

New Ibheria, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample

3/16" - #2 (P.O. #GD106384) 3G - With T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

& 279 199 205 196 318 ’
? 283 220
: \“ N 193 y /
‘ . 173 184 S ozay S
N v 22] 197 164 7 218
N 164 176 \.235 o 1ea / 168
: S212 NJ93 185, 280
272 7 266

186

N\

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Types: Tukon Model IR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92..352

Certified By: [ e jﬂéglwﬁhwfdff// pate:_C-/7-7 %

Reviewed By: %\ /2 /2—‘-%4\ Date: &¢&-%.5p

GLOBALL.VIC



SRC ENGINEERS, TITNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kq load hardness test on weld sample
3/16" ~ #3 (P.0C. #GD10638B4} 3G - wWith T.B.

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

i 244 168G 199 244 /
\ 258 o8
h 181 i 4
N 200 184 25
§ 156 165 h ~ gzg e 8 7220 4 7 .
i | N \??5 212 7 e ez
No244 N85 212 245

N 239 256

AN

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~997

Last Calibration: January 18, 1993

SRC Job No. 92-352

! 7
Certified By: “jE;:,;ééﬁww~wahiﬁj7f Date: éﬁ”“?“?fg

Reviewed By: Date: _OC - /&-57




SRC ENGINEERERS , ETINCE .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers

New Theria, La.

TRST PERFORMED: Vickers 10kg load hardness test on weld sample

3/16" -~ #4 {P.0O. 2GD106384) 3G -~ With T.B.

Specification: In accordance with AWS D3.86

HARDNESS TEST DATA: Vickers 10kg
|
| N 259 \zgg 227 200 T3gs 7
i \2? 182 s 2o /
N ez N\ 3% he g s ~
175 152 \235 2 170 4 172 152 -
N 245 w92 2127 233
\ 301 256

Note: HAZ Examined at 5X, 40X, & 100X Magnification.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~997

Last Calibration: January 18, 1993

SRC Job No. 92-352
7 éQ;;;mﬂﬁua/T,#/
Certified By: /fw--— Date: G~/4”?S

Reviewed By: S - CE D P




SRC ENGINEERS LZINC .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 07-07-93 P.0. No. GD106384
Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-370, E-23
Test Performed on: _3/16" labeled weld

Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be altered, deleted from, published and/or used except in full.

RESULTS
ABSCORBED PERCERNT LATERAL
SPECIMEN NUMBER ENERGY SHEAR EXPANSION
ft - 1bf FRACTURE (mils)
Hl({Heat Affected Zone) 48 70 57
HZ2 {Heat Affected Zone) 47 85 60
H3(Heat Affected Zone) 56 85 52
‘H4 (Heat Affected Zone) 45 70 50
H5({Heat Affected Zone) _ 62 g5 55

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Olsen

Serial No.: 85900

Last Calibration: January 18, 1993

Certified By: 7; W Date: E-&~73

Tim J. Broussard
SRC Engineers, Inc.

Reviewed By: ;gﬁ%%;aﬁ%ﬂ(é%g%%hmﬁmm_ Date: o€ - PR-22

GLOBALL.CHP




Appendix IX

Global Divers

Sheet 1 of 2
& Contractors, Inc.

W/O No. ED-001-04

MATERIALS JOINING WORK REPORT
MTB WELD FOR REDUCTION OF HAZ TOE HARDNESS, LEVEL 2 HEAT INPUT

Location Global Divers & Contrctors. Inc. Port of iberia Contract No. 91-M4348

Matt (1) AR37 Grade CL1 Mat' (2) Grade

Ht/Slab No. 79006 Ht./Slab No.

Thick 34" . Dia. in. Thick in. Dia. in.
Electrode (AWS) __EB013 A51 TN Program EBx 7 Mir. _ Proprietary Batch No. 3201

Process SMAW Current/Polarity CC/DCEP Joint Type Fillet Position _ Vertical

Water Depth 33 Dry Wet X

Welding Varables:

we |

V& CIA. ELECTRODES USED FOR ALL BEADS

O RFE sl b AMPS 'OLTS . .
Raot 1 1/8” 170 30 8.0 Weld was restrained by an opposing
Fill i0 1/8" 170 30 9.2 wet fillet weld i.e., welder deposited
Cap/T8 4 1/8" 170 30 95 weld passes on aftemate sides of

flange plate.
Welder: Darryl Phillips Date:  February 10,1994
Welding Joint Sketch: Welding Techniques:
f‘"" BEADS

Muttiple temper bead technique was used with
stringer beads and all passes downhill.




Global Divers Sheet 2 of o2
& Contraciors, inc. W/O No. ED-G01-04

Tension Tests: (Reduced Section/All-Weld-Metal) NIA
[ secwen | omentanion | GLrimare reL _ YELDPSL . | ELONGATION | FALURE
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry: A B37 Class §
CTR
LAB 462 20 150 | 014 | 019 38 .03 02 .01 03 01 1 - -~

Hardness {10 kg Vickers): rillet weid on cne side, Heat affected zone only.

. tecamoNT | usmeme ] pmigwreme
BASE METAL (AVG.} N/A Without Tempering

HAZ (MAX) Toe 478 Midpoint 320 Root 282 Toe 482 Midpoint 327 Root 306

AZ (AVG) Toe 410 Midpoint 281 Root 287 Toe 463 Midpoint 293 Root 288
WM (MAX) NIA N/A

Purpose of Tast:

Reduce the MAZ hardness at the toe of the weidment to the Vickers 10 kg 325 maximum specified by AWS D3.8
for Class A (Dry) welds by progressively increasing temper bead heat input.

Remarks & Evaiuation;

For this weld, calculated (see text of report) temper bead heat input was 32.2 kJ/fin which was the second ievei of
heat input of a series of five levels used for this set of tests. {For weids reported in the Jan. '94 Interim Repor,
the first level of heat input was 25.5 kJin). As shown in the above hardness report, the procedure produced
some. but no significant, reduction in HAZ toe hardness.

By:

C.E. Grubbs =7 Date: _February 17, 1994 Rev:




SRC ENGITNEERS , TNC.

8§37-3810, 31106 * LAFAYRTTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La,

TEST PERFORMED:_ _Vickers hardness test on Double Fillet Weld
3/4"-A537 welded to 3/4"-AS37 Material

One side - MTB with Level 2 Heat Input <te=s
One side - MTB with Level 3 Heat Input

Sample #1

P.O. #GD107497

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

\

HAZ examined at 100X. NOo cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-GG7

Last Calibration: January 10, 1994

SRC JSob No. 54~045

/ -

GIOBALIE FIT




SRC ENGINEERS , IINC .

837-3810, 31106 * LARAIKTTE LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Theria, La.

TEST PERFORMED: Vickers hardness test on Couble Fillet Weld

3/4"-a537 welded to 3/4"-A537 Material
One side - MTB with Level 2 Heat Input e

One gide - MTB with Level 3 Heatr Tnout

Sample #7

P.O. #GD107497

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
#2
——

VZ’G 7z 27y lyﬁz 320 4?y

§ 4
i
i ]
! f
- cA
HAZ examined at 100%X. No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: ILE~-997%7

Last Calibration: January 10, 1994

SRC Job Na. 94045

Certified By: w7t;;: jé;;;«aauw%ﬁfyf Date: < —/ ¥~

SLOBALLG.PIL




SRC ENGCINEERS .,

LTINC .

837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837

COMPANY NAME:

TEST PERFORMED:

Global nivers

-3710

New Iberia, La.

Vickers hardness test on
3/4"~2537 welded to 3/4"-A537 Material

Double Fillet Weld

MIB with Level 2 Heat Inpur s

-QOne side -
One side -

MIB with Level 3 Heat Input

Sample #3

2.0,

2GD107497

Specification: in accordance with AWS D3.§

HARDNESS TEST DATA:

Vickers 10kg

; 260 252 262
N

i

'\272 2862 ¢5§/

HAZ examined at 100%.

No Ccracks were found.

EQUIPMENT UTILIZED FCOR TEST

Type: Tukon Model LR Microhardness Tester
Manufacturer: Wilson
Serial No.: IL:R~-697

Last Calibration:

Jamiary 10,

1394

SRC Job No. 94045

Certified By: L /

2~/ F =T

Date:

GLOBALIE,FTL




SRC ENGINERERS . LICE .

837-3810, 31106 * LAFAYETTE, LA 70583-1106 * FAX (318) 837~5710

COMPANY NAME: Global bDivers
New Iberia, La,

TEST PERFORMED: Vickers hardness test on Double Fillet Weld
3/4-A537 welded to 3/4"-A537 Material

One side -~ MTB with Level 2 Heat Inputr <

One side - MTB with Level 31 Heat Input

Sample #4

P.O. #GD107497

Specification: In acceordance with AWS D3.86

HARDNESS TEST DATA: Vickers 10kg

! 461 262 287 "\552 wmL 42
J

|
|
HE ES
L2 Lo
L i

HAZ examined at L0O0X. MNo cracks waere found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial Ho.: LR=-397

Last Calibration: January 10, 1994

SRC Job No. 94-045

— A£;;214&__/f//’/ -/
Certified By:_ /-7 T Date: < J?LJ?jz

GLOBALIG.FIL




232N Global Divers Sheet 1 of 2

&5 & Contractors, Inc. W/O No. ED-002-04
S MATERIALS JOINING WORK REPORT T
MTB WELD FOR REDUCTION OF HAZ TOE HARDNESS, LEVEL 3 HEAT INPUT

Location Global Divers & Contrctors, Inc. Fort of Iberia Comtract No. G1-M-4348

Mat'l (1} AB37 Grade Cii Mat't {2} Grade

Ht/Slab No. 76006 Ht./Stab No.

Thick 34" in.,  Dia. i, Thick in. Dia. in.

Electrode (AWS) _ E6013 A51 TN Program Ex 7 Mir. _ Proprietary Batch No. 3201

Process SMAW Cument/Polanty _CC/DCEP Joint Type Fillet Pasition __ Vettical

Water Depth 33 Dy Wet X

Welding Vanables:

CRF&C | PASS | DA | AMPS | vouTS | IBM
Hoot 1 1/8" 170 30 8.6 Weld was restrained by an opposing
Fill 10 1/8" 170 30 9.0 wet fillet weld i.e., welder deposited
Cap/TB. 4 1/8" 170-180 30-32 5.4 wald passes on altemate sides of
flange plale.
Welder: Darmryl Phillips Date: February 10,1994
Welding Joint Sketch: Welding Techniques:
e é;wmm |
cEag Multiple temper bead technique was _used with
stringer beads and all passes downhill.
; CE<.40
i

18 (A ELECTROUES USED FOR ALL BEADS




Global Divers Sheet 2 of 2

& Contractors, inc. W/O No. ED-002-34
Tension Tests: (Reduced Section/All-Weld-Metal) N/A
S?E{:MER WYLELBPSI cLoncaton. | FAiL{fRE
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry: A 537 Class 1
CTR
LAB 462 20 150 | 014 018 .38 .03 .02 Ne) 03 .01 01 e o

Hardness (10 kg Vickers): Filiet weld on one side. Heat affected zone only.

. LE}CAT!DN =
BASE METAL (AVG.) N/A Pravious Heat Input Levef 2

HAZ (MAX) Toe 478 Midpoint 272 Root 299 Toe 478 Midpoint 320 Root 282
HAZ (AVG) Toe 439 Midpoint 267 Root 274 Toe 410 Midpoint 281 Root 267
WM (MAX) N/A N/A

Purpose of Test:
Reduce the HAZ hardness at the toe of the weldment to the Vickers 10 kg 325 maximum specified by AWS D3.8
for Glass A (Dry) welds by progressively increasing temper bead heal input.

Remarks & Evaluation:
For this weld, calculated (see text of report) temper bead heat input was 34.6 kJAin which was the third leve! of
heat input of a series of tive levels used for this set of tests. Pravious and second level of temper bead
calculated heat input was 32.2 kJin. As shown in the above hardness report, the increased caiculated heat input
did not cause any reduction in hardness.

The explanation of this is probably related to the fact that the calculated heat input formula does not include some
essential varables which are contralled by the welder.

By:  C.E. Grubbs & Date: February 17, 1994 Rev:




SRC ENGINEERS , TNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FPAY (318) 837-5710

COMPANY NAME: Global Divers
New Theria, La.

TEST PERFORMED:_Vickers hardness test on Double Fillet Weld
3/4°-A537 welded to 3/4"-A537 Material

One side ~ MTB with Level 2 Heat Inpur

One side - MTB with Level 3 Heat INDUL <
Sampie #1

P.O. #GD107497

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
e
1526 428
////; Lo \\\‘/’
250 | | 292l
1262 243
AN
i \\4\35 uisl 2“’/3/ \\252 7z 42y
P — — 7
§L2 L3

HAZ examined at 100X. NOo oracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-997

Last Calibration: January 10, 1994

SRC Job No. 94045

CLUBALIG.FIL




SRC ENGINEERS _ IINC .

837-3810, 31106 * LAPAYETTE, LA 70593-1106 + FAX (318) 8375710

COMPANY NAMF: Global Divers
New Theria, La.

TEST PERFPORMED: Vickers hardness test on Double Fillet Weld
3/4"-A537 welded to 3/4"-A537 Material

One side - MTB with Level 2 Heat Input

Qne side -~ MTB with Level 3 Heat INDUT

Sample #2

P.O. #GD107497

Specification: In_accordance with AWS D3.§

HARDNESS TEST DATA: Vickers 10kg

HAZ examined at 100X. NO cracks wers found.

EQUIPMENT UTILIZED FOR TEST

Type: FTukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: ILR-997

Last Calibration: January 10, 1994

SRC Job HNo. 94045

Certified By: *?i;;i !é;;iiﬁwﬁ,aéff/ Date: < —/¥-F<

CABALIE.FIL




SRC ENGINEERS , LINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY NAME: Global Divers

——“—

New Theria, La.

e ————,

TEST PERFORMED: Vickers hardness test on Double Fillet Weld
3/4"-A537 welded to 3/4"-A537 Material

One side - MTB with Level 2 Heat Input
One gide - MTB with Level 3 Heat Input <t

Sample #3

P.0. #GD107497

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

(188 4?8%
! ;

265 | 263
i 1
ize8 280
t

[ an 252 282/ )\\2?2 262 ¢5y
i [— R :
L2 L3
HAZ examined at 100¥. NOo cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LE-897

Last Calibration: Januvary 10, 1994

SRC Jcb No. 84-045
Certified By: s g Date: 2—/<L-TF

GLOBALIS.FIZ



SRC ENGINEERS , ITHNC .

837~3810, 31106 * LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED:_ Vickers hardness test on Double Fillet Weld
3/4"-A537 welded to 3/4"-A537 Material

One side - MTB with Level 7 Heat Input

One side - MTB with Level 3 Heat Input e

Sample #4

P.O. #GD107497

Specification: In accordance with AWS D3.§

HARDNESS TEST DATA: Vickers 10kg
#4
AN ;

| 481 282 2ay J
‘ _ ,i
} ;
| L2 LS!
HAZ examined at 100Y. No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 10, 1954

SRC Job No. 94045

— ;éj,,z,,_/ e
Certified By: /-m - Date: =-/F ?7(

GLOBALIE.FIZ,




Gicbal Divers Sheet 1 of =2
& Contractors, nc. W/O No. ED-003-64

MATERIALS JOINING WORK REPORT
MTB WELD FOR REDUCTION OF HAZ TOE HARDNESS, LEVEL 4 HEAT NPUT

Location Global Divers & Controtors, inc. Pont of Ibera Contract No. 91-M-43458

Mat1 {1} A537 Grade ___ Cl1 Mat! (2) A 38 <CE 40 Grade

Hi/Slab No. 78008 Ht./Slab No.

Thick 3/4" in.  Dia. in. Thick 58" in. Dia. in.
Electroda (AWS) _ E5013 A5 TN Program Ex 7 Mir. _ Proprietary Batch No. 3201

Process SMAW Current/Polarity _CC/DCEP Joint Type _Fillet Position __ Vertical

Water Depth a3 Dry Wet X

Welding Varniabies:
I

Root 1 1/8" 170 30 8.7 Wet fillet weld restrained by 1/2" x 47
Filt 10 18" 170 30 9.2 bar weided to top of 58" flange plate
Cap/T8 4 1/8" 170-180 30-32 88 and to the edge of the 3/4” base plate
Welder: Darryl Phillips Date: February 15, 1994
Welding Joirt Sketch: Welding Technigues:
o 22 TEMPER
(i wers Multiple temper bead technique was used with
cee sifinger beads and all passes downhill,

18" DA, ELECTRODES USED FOR ALL BEADS




Giobal Divers Sheet 2 of 2
& Contractors, Inc. WO No. ED-003.94

Tension Tests: {(Reduced Sectior/All-Weld-Metal) N/A
. SPECIMEN | ORIENTATION | ULTIMATE PSL |  YVIELD PSL " ELONGATION
1
2
Bends: N/A
SPECIMEN AOOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry: A 537 Class 1
-l eelclwmle ] LN e | ow v | e
CTR
LAB 462 20 1.50 | 014 | (019 .38 .03 .02 .01 03 .01 .01 - —

Hardness (10 kg Vickers): Fillet weld on one side. Heat alfected zone only.

~ oowmw [ _ 5 -
BASE METAL (AVG.) N/A Previoys Heat input Level 3
HAZ (MAX) Toe 355 Midpoint 282 Root 267 Toe 478 Midpoint 272 Root 299
HAZ (AVG) Toe 324 Midpoint 267 Root 251 Toe 439 Midpoint 267 Hoot 274
WM (MAX) N/A N/A

Pumpose of Test:
Reduce the HAZ toe hardness of the weldment to the Vickers 10 kg 325 maximum specified by AWS D3.6 for
Class A (Dry} welds by progressively increasing the temper bead heat input.

Remarks & Evaluation:
For this weld, calcutated temper bead heat input was 37.0 kJin, which was the fourth level of heat input of a
senes of five levels used lor this set of tests. Previous and third levet of temper bead calculated heat input was
34.6 kJ/in. As shown in the hardness report above, this level of heat input resulted in, for practical purposes, a
totally acceptable fevel of hardness. However, two of the three HAZ toe hardness {332 and 355} exceed our goal
¢t 325 maximum.

By: _ C.E Grbbs < F-_ Date: February 22, 1994 Rev:




SRC FENCGCINEFRRS LIINC -

8§37-3810, 31106 * LAFAYRTTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
Hew Theria, La.

TEST PERFORMED: Vickers hardness test on Single Fillet Weld
3/4*-2537 welded to 5/8"-C.5. Material

MTB with Level 4 Heat Tnput

Sample #L1-1

P.O. #GD107513

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
Li—1
AS37

HAZ examined at 100X. No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-597

Last Calibration: January 10, 1994

SRC Job No. 94-045

e ‘
Certified By:__ Jfaw— Zé;é;”*“”/7// Date: QP/Q‘J??L

GD108513




SRC ENGCINEERS .

I INC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME:

TEST PERFORMED:

Specification:

HARDNESS TEST DATA:

Global Divers

New Iberia, La.

Vickers hardness test on Single Fillet Weld

3/4"-A537 welded to 5/8"-C.S8. Material

MTB with Tevel 4 Heat Input

Sample #L.1-2

P-O. #GD107513

In accordance with AWS D3.6

Vickers 10kg

HAZ examined at 100X.

No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model IR Microhardness Tester
Manufacturer: Wilson
Serial No.: LR--897

Last Calibration:

January 10, 1994

SRC Job No.

94045

Certified By:

“"/f W pate: 2-I8-TFF

2106513




SRC FENGINERYERS LTINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED:_ Vickers hardness test on Single Fillet Weld
3/4"~-A537 welded to 5/8"-C.S5. Material

MTB with lLevel 4 Heat Input

Sample #L.1-3

P.O. #GD107513

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 1l0kg

HAZ examined at 100X. No cracks were found.

EQUIPMENT UTILIZED ¥OR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: Januarvy 10, 1994

SRC Job No. 94045

e
Certified By: /,raw ;é;;;;;aw-/4///’ﬁate: Zi~ﬁ52~§§%

GO106513




2ar

Global Divers

& Cordractors, Inc.

GWE*

Shest 1

of 2

WO No. _ED-004-94

MATERIALS JOINING WORK REPORT
MTB/HALF-BEAD WELD FOR REDUCTION OF HAZ TOE HARDNESS, LEVEL 5 HEAT INPUT

Location Global Divers & Contrctors. Inc. Port of Iberia Contract No. 91-M-43485
Mat' (1) AB37 Grade Ciass 1 Matl (2) A 36 < CE 40 Grade
Ht./Slab No. 75008 Ht./Slab No.
Thick 34" in.  Dia. in, Thick __5/8" in. Dia. in.
Electrode {AWS) _ E8013 TN Program Ex 7 Mir. _ Proprietary Batch No. 3201
Process SMAW Cumenv/Polarity _ CC/DCEP Joint Type Fillet Position __ Vertical
Water Depth 33 Dry Wet X
Welding Variables:
R F &G PABS S 1 DIAG: L CAMPS T UVORTS 5 bULPML REMABKS:.
Hoot H 1/8" 170 36 8.8 Wet fiilet weld was restrained by
Fill 9 1/8" 170 30 92 1/2" x 4" bar weided o top of 58"
T8 1 1/8" 170 30 9.1 flange plate and to the edge of the
Halt T8 2 3/32" 130 30 8.0 3/4" base plate.
Cap 4 HiY 170 30 10.1
Welder: Danyl Phillips Date: Febmary 15, 1994
Waelding Joint Sketch: Welding Technigues:
' e The muttiple temper bead wet welding technique was

18" BlA. ELEGTRODES USED FOR ALL PASSES
EXCEPT 722" DIA LSED FOR PASSES § AND 13,

PASSES 7 AND 12 GROUND DOWN 10 HALRBREARS"

ampicyed as usual with downhilt stringer beads.
However, after filler beads/passes were deposited,
passes 8 and 13 (See Fig 2) were ground down 1©
approximately one-half thickness and retempered
with 3/32" ¢ weiding glectrodss.




Giobal Divers Sheet 2 _of 2

& Contractors, Inc. W/O No. ED-004-94
Tension Tests: (Reduced Section/All-Weld-Metal) N/A
. SPECIMEN | ORIENTATION | ULTIMATE PSL | VYIELD'PSL | ELONGATION |  FAILUE
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry:
T e Mo | cu | v
CTR
LAB 462 290 1.50 014 ¢ 015 .38 A3 .02 .0t 03 G 01 -— -

Hardness (10 kg Vickers}): Fillet weld on one side. Heat affected zone only.

i = ;_gcm‘}gu | o :;;_f__ :;5: 5 = (RS T . = P
BASE METAL {AVG)) N/A Previous 1L evel 4 Heat Input
HAZ (MAX) Toe 300 Midpoint 287 Hoot 278 Toe 355 Midpoint 282 Root 267
HAZ (AVG) Toe 282 Midpoint 279 Root 275 Toe 324 Midpoint 267 Root 251
WM (MAX) N/A N/A

Pumpose of Test
Reduce the HAZ toe hardness of the weldment to the Vickers 10 kg 325 maximum specified by AWS D3.6 for
Ciass A {Dry) welds by progressively increasing the temper bead heat input.

Remarks & Evaiuation:
A new wet welding technique was used for this weldment, The MTB technique was used 1o prevent HAZ
hydrogenr cracking pius, at the toe of the weld, a haif-bead procedure was used to further reduce HAZ hardness.
Le., two weld beads/passes at the toe of the weld were ground down fo approximately half-thickness and then
retemnpered.  Caiculated heal input was comparatively low at 29.3 kJ/in. However, the actual heat input was
significantly increased due to reduced thickness of the primary beads. This unique wet welding procedure made #
possible 1 reduce the HAZ to less than the 325 specified by AWS D3.6 for Class A (dry) welds.

By: __C.E. Grubbs .=~ %/ Date: February 22, 1994 Aav:




SRC ENGCGTNEERS LTINCT -

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

CCMPANY NAME: Global Divers
New Iberia, La.

TEST PERFCORMED: Vickers hardness test on Single Fillet Weld
3/4"-A537 welded to 5/8"-C.S. Material

MTB with Level 5 Heat Input

Sample #I.2-1

P.O. #GD107513

Specification: In_accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
L2
AS37
/

52

%8
77

HAZ examined at 100X. No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-997

Last Calibration: January 10, 1994
SRC Job No. 94-045

—
Certified By: /Z%mf;g;;;;;4“““?ﬁ;ﬁ Date: waﬁ?”$%¢

GUi06513




SRCOC ENGTINEFRERS . TINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers hardness test on Single Fillet Weld
3/4"-2537 welded to 5/8"-C.S8. Material

MIB with Level 5 Heat Input

Sample #IL2-2

P.O. #GD107513

Specification: In accordance with AWS D3.§

HARDNESS TEST DATA: Vickers 10kg

L2—-2
AS37
\
283

287 )
278

HAZ examined at 100X. No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 10, 1994

SRC Job HNo. 94-045

Certified By: wﬁ?izij,ﬁfggg;imwﬂmféﬁf Date:iz”/gﬁJ?7i

SDI06513




SRC BENGINERERS TINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NHAME: Gleobal Divers
New Iberia, La.

TEST PERFORMED:__Vickers hardness test on Single Fillet Weld
3/4"-8537 welded to 5/8"~-C.S. Material

MIB with Level S5 Heat Input

Sample #L2-3

P.O. #GD107513

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

L2—3
AS37

N

300

]
272

HAZ examined at 100X. No cracks were found.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-8997

Last Calibration: January 10, 19384

SRC Job No. 94045

" ;
Certified By: /:¢bm ;¢¢égg;awpw/?¢ﬁgy Date: 2‘./g?n9$i '

G5106513




Appendix X
SRC ENGINEERS [ ITNC -

P.0. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 4-02-93 P.0O. Ho. _GD105927
Company: Global Divers ‘
Test: Reduced Section Tensile Test per ASTM A-318

Test Performed on: _Sample V Welding Procedure

This Certificate may not be altered, deleted from, published and/or used except in full.

. All-Weld-Metal Tensile Test

SPEC. LOAD AT YIELD TOTAL LOAD] UNIT STRESS
HNO. DIA. AREA |YIELD PT. |STRENGTH LBS., PSI{Tensile)
v 500" 1.1964" 14,800 75,356 15,650 79,684

DUCTILITY TEST

SPEC. NO. GUAGE MARKS FINAL MARKS % ELONGATION

v 2.000" 2.240" 12.0

REDUCTION OF AREA

SPEC. NO. ORIGINAL AREA FINAL, AREA % REDUCTION OF AREA

v .1964" .1576" 19.8

EQUIPMENT UTILIZED FOR TEST

Type: Tensile Tester

Manufacturer: Reihle

Serial No.: R-1857

Last Calibration: January 18, 1993

SRC Job No. 92 352

Certified By: //%,4/7?2 /"// Date: 4-2-93

o~ Tlm J. Broussard
Reviewed By: LQ Date: -2~73

GLOBAL (RED



TINC .
LA 70593-1106 ~*
STEPHEN R. CALLEGARI,

SRC ENGTINEERS
P.0O. BOX 31106 * LAFAYETTE,
(318) 837-3810, 837-3819

FAX (318) 837-5710
P.E.

CERTIFICATE OF ANALYSITIS

Date: 6-28-93 P.0. XNo. GD406178
Company: Gleobal Divers
Test: Reduced Section Tensile Test per AWS D3.6(1389)

3/4" x 16" Underwater wet weld{Conf. weid)
1G -~ With T.B.

Test Performed on:

This Certificats may not be altered, deletad from, published and/or used except in full.

REDUCED SECTION TENSILE TEST
SPEC. : TOTAL LOAD UNIT STRESS
NO. THX. WIDTH AREA LBS. PSI (Tensile)
T1 .670" 1.465" .9816" 74,800 76,202
T2 .697" 1.464" 1.020" 80,200 78,627
EQUIPMENT UTILIZED FOR TEST
Type: Tensile Tester
Manufacturer: Reihle
Serial No.: R~1857
Last Calibration: January 18, 1993
Certified By: ’7:;:. ;ﬁéglwanguwigjﬁy Date: _ 7-&- T2
Tim J. Broussard
SRC Engineers, Inc.
Date: 272 -06 77

Reviewed By: S;;égnﬁﬁiwéggézgl”“"”/
77 v

GLOBALE.TEN




APPERBDIX X1

SRC ENGINEERS, TNC.
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANDIMMMJYSIS

Date: 06-29-93 P.0. No. GD406178

Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-30, E-23

Test Performed on: _3/4" x 16"Lg. Weld(Conf. Weld) 1C Wetweld
With T.B.

Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be altered, deleted from, published and/or used exeept in fall.

RESULTS
ABSORBED PERCENT LATERAL
SPECIMEN NUMBER ERERGY SHEAR EXPANSTON
ft - 1bf FRACTURE (mils)
Hl {Heat Affected Zone) 40 70 42
H? (Heat Affected Zone) 37 70 55
Hi(Heat Affected Zone) 48 70 55
H4 (Heat Affected Zone) 50 70 56
H5 (Heat Affected Zone) 40 70 37

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Olsen

Serial No.: 85500

Last Calibration: January 15, 15983

Certified By: ’7(;Z;~zzzzlfaww¢~/{47 Date: é--g‘?uﬁy;%

Tim J. Broussard
SRC Englneexs, Inc.

Reviewed By: cﬁxﬁfﬁﬁ?SQZi« ..... o Date: OE - IF. F 7

GLOBALS . ohp (J




SRC ENGINEERS . T INCE .
P.O. BOX 31106 +* LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 06-29-93 P.0O. XNo. GD406178
Company: Global Divers & Contractors, Inc.

Tast: Charpy V-Notch Impact Test per ASTM A-370., E-23
Test Performed on: _3/4" x 16"Lg. Weld(Conf. Weld) - 7
Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be altered, deleted from, published and/or usad exceplt in fuli.

RESULTS

- ABSORBED | PERCENT LATERAL

SPECIMEN NUMBER ENERGY SHEAR EXPANSION

ft - 1bf | FRACTURE (mils)

Wl(Weld) 32 100 38
W2 (Weld) 32 100 37
W3 (Weld) 33 100 36
W4 (Weld) 32 100 36
W5 (Weld) 32 100 49

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Olsen

Serial No.: 85900

Last Calibration: January 18, 1993

i ‘
Certified By: /;4kﬁjé;;;w¢¢aw~’f//// Date: éw~217~F?33

Tim J. Broussard
SRC Engineers, Inc.

Reviewed By: Fﬁﬁﬁ%&iz £XWﬁvawfd' Date: &-29-9<

GLOBALS .ohp




APPENDIX XTI

SEIRC ENGIINEFRIRS HINCT .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FPax {318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARY, P.E.

CERTIFICATE OF ANALYSTS

Date: 7-23-93 P.0. No. GD406395
Company: Global Divers & Contractors, Inc.
Test: Guided Bend Test per AWS D3.6-93

Test Performed on: Supplemental Weldments (Conf.)1G,2G,36 Welds
on A537 Class 1 Material

Welders Name: Darrvl Phillips

Thais Certificate may not be altered, deleted from, publisted and/or used except in fall,

These Side Bend Tests were conducted to improve the bend
radii of these three weldments. Bend radii were progressively

reduced from 6T to 4T and 3 1/37. The results were as follows:

Eight specimens 1G Position - No 6T's were bent

Sangs,”

Passed 2(4T's)
Failed 6(47's)

Eight specimens 26 Position -~ Passed 8(67's)
' Pagsed 6(4T's)
Failed 2(4T's)

Passed 4(3 1/3T's)

Failed 2(3 1/3T's)

Eight specimens 3G Position ~ Passed 8(67T's)

Passed 7(4T's)
Failed 1(4T)
Passed 7(3 1/37T's)

All failures occurred in the weld metal

EQUIPMENT UTILIZED FOR TEST

Type: __Guided Bend Tester

Manufacturer: CRC

P
Certified By: /%é—;z%,— / Date: /4 2.5 - ?,E

Tim J. Broussard
SRC Engineers, Inc.

Reviewed By: < Dates: o7 2.3 -3

EED.CLG
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SRC ENGINERERS . LIINC .

P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 *
(318) 837-3810, 837-3819 STEPHEN

FAX (318) 837-5710
R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSTS

Date: 7-01-93 P.0. No. GD40E1ITE

Company: Global Divers & Contractors, Inc.

Tast: Guided Bend Test per AWS D3.6-93

Test Performed on: _Weld Sample 3/4" X 8"Lg. (Conf. weld) 4¢

Welders Name: Darrvl Phillips

With T.B.

Thin Cartificate may not be altered, deleted from, published and/or used except in full.

GUIDED BEND TESTS
SAMPLE TYPE & NUMBER RESULTS
Side Bend(6T,4T,2T) S1 Satisfactory
Side Bend({6T,4T) 52 Satisfactory
Side Bend(6T,4T) S3 Satisfactory
Side Bend(6T,47T,2T) S4 Satisfactory
EQUIPMENT UTILIZED FOR TEST
Type: Guided Bend Tester
Manufacturer: CRC
Certified By: w?:;j_xéégzx&fbwf”(f// Date: 7S TS

Tim J. Broussard
SRC Engineers, Inc.

7
P S R
Reviewed By: Qﬁ%ﬂgaﬁi;/f4f;%229%%_ Date:
’ \ o

GLUBALG . BND

O /.M.‘{,Q &




APPENDIX XIIY

Giobal Divers Sheet 1 ot 2
& Contractors, Inc. WO No.  ED-018-43

MATERIALS JOINING WORK REPORT
Part 1 Confirmation Weid - Compare Charpy HAZ Notch Orientations

Location  GLOBAL DIVERS - PORT OF 1IBERIA Contract No. G1-M-4346
Mat1 (1) _A 537 Grade _ CL1 Mat1 (2) Grade
Ht/Siab No. __79006-12 Ht/Slab No.
Thick 34" in. Dia. . Thick in.  Dia in.
Electrode (AWS) __ E 6013 A5.1 TN Program Ex 7 Mir. _ Propnetary Cry
Process SMAW Current/Polarty CC/DCEPPulse Joint Type _V-Groove Position __ 3 G {87
Water Depth 33 Dry Wet X
Welding Variables:
‘RF&C | PASS | D .| amPs | voLTs LPM. REMARKS
|| Root 1 18" 155- 160 | 33-35 8.0 PPS - 150
<y Temper : 18 | 155-180 | 33-35 67 PW - 70%
Root 2 18" 155 - 160 33-3 8.0 Background - 30%
| Termper 2 18" 155 - 180 33-35 8.7 41 Passes
F 3-35 1 155160 | 33-35 8.0 Weld time - 46 min.
Cap 35 - 41 18" 185 - 160 33-35 g2 Used Multivie temper bead technique
Welder:  Darryl B Phillins Date: 7-1-83
Weiding Joint Sketch: Weiding Technkues:

Stringer Beads. All passes cownhill

? [

i A
i

¥
R LA




Global Divers Sheet 2 of 2

& Contractors, inc. WO No. ED-016-93
Tension Tests: (Reduced Sectioryall-Weld-Metal) N/A
 SPECIMEN | ORIENT' | ULTIMATES. | VELDS. ELONGATION |  FARURE -
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry:
el c Mo sipnjor Mot v]e | wl|
CTR
LAB | 462 20 1.50 | 014 | .19 38 .03 02 .01 03 01 01 — -

Hardness {(Vickers/Rockwell): N/A

. : LGCA’Z“K}N . ';-3':L§FT::SmE:-:' L - Rmm.;smg_{;., L 3
BASE METAL (AVG.)
HAZ (MAX)
HAZ {AVG)
WM (MAX)

Purpose of Test: Compare Charpy V-nofch HAZ impact test results with nolch onented par AWS D3.6 Vs
parailel 1o HAZ

Remarks & Evaluation: Far Champy tests on this weidment. the notch was oriented per AWS D3.6. Average

results of tests on four macros were: Absorbed Energy, 44.7 #. Ibs. shear fracture, 85%.
Lateral expansion, 49.5 mils.

By: __CE Gubbs <= F g /e, Date: ___ 7-1-93 Rev: -




SRC ENGINEERERS L IIC .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 =

FAX (318) 837-5710

{318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.
CERTIFICATE OF ANALYSIS
Date: 07-08~83 P.0O. Ho. Gh406178
Company: Glebal Divers & Contractors, Inc.
Test: Charpy V-Notch Impact Test per ASTM A-370, E-23
Test Performed on: 3{4“ x B"Lg. Weld(Conf., Weld)3G-With T.R.
60° Bevel Groove
Size of Specimens: Full Size (10mm x 10mm x S55mm)
Test Temperature: 28°F
This Cextificate may not be altered, deleted from, pubiished and/or used except in full.
RESULTS
ABSORBED PERCENT LATERAT
SPECIMEN NUMBER ENERGY SHEAR EXPANSION
ft - 1bf FRACTURE {mils)
Hl(Heat Affected Zone) 42 85 46
H2 (Heat Affected Zone) 41 85 52
H3{Heat Affected Zone) 47 85 52
H4 (Heat Affected ZFone) 45 85 50
H5 (Heat Affected Zone) 51 85 44
-4
EQUIPMENT UTILIZED FOR TEST
Type: Charpy V-Notch Impact Tester
Manufacturer: Tinius Olsen .
Serial No.: 85900
L.ast Calibration: January 18, 1993
Certified By: /o jﬁ?ﬁégaz = Dates: 7.E-T=,
Tim J. Broussard
ﬁSRC Englngﬁxs, inc.
Reviewed By: §%$£;r therZ: Date: 1-2-132

GLOBALE . chp



Global Divers Sheet _t of 2
& Contractors. Inc. W/O Ne. _ED-017-93
MATERIALS JOINING WORK REPORT
Part 1 Confrmation Weid - Compare Charpy HAZ Notch Orientations

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 91-M-4345
Matl (1) A 537 Grade __ Cl1 Mat1 (2) Grade
Ht/Siab No. _ 79008-12 Hi/Siah No.
Thick 34" in. Dia. in. Thick in. D in.
Electrode (AWS) _ E B013 A5 1 TN _Program Ex 7 Mir. _ Proprictary Ciry
Process  SMAW Currert/Polanty CC/DCEP/Pulse  Joint Type _ Single bevel Postion __ 3G (87
Water Depth  3Y' Dry ‘Wet X
Weiding Varnabies:
RF&C | PASS DIA. ANPS 1 VOLTS LPM REMARKS
Root 1 /8" 160 - 165 32-34 57 PPS - 150
Temper 1 18" 166 - 165 32-34 55 PW - 70%
Root 2 118" 160-165 | 32-34 .| 58 Background - 30%
Temper 2 18" 160 - 185 32 - 34 57 42 Passes
Fill 3-36 18" 180 - 165 32-34 886 Weld fime 586 min.
Cap a7 - 42 18" 160 - 185 32-34 g2 Used Multinle Termper Bead Technique
Weider: Damyl K. Phillips Date:  7-193
Welding Joint Sketch: Weking Techniques:

Stinger beads all passes down hill




Global Divers

& Contractors, Inc.

Sheet 2 of 2
WO No.  ED-01743

Tension Tests: {Reduced Section/All-Weld-Metal) NIA
© SPECIMEN |  ORIENT = | ULTIMATE S, YIELD S. ELONGATION FAILURE"
R
2
Bends: N/A
| specimen ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
= Chemistry:
o bee b clmm s |lst i m e M cu | v o | M) oa
CTR
tAB | 462 | 20 | 150 | 014 | 019 | 38 | 03 | 02 | o1 | 03 | o1 | 01 | - | —
Hardness (VickersiRockwell): __ N/A
; LOCATION - " LEFTSIDE RIGHT SIDE
BASE METAL (AVG.)
HAZ (MAX)
HAZ (AVG)
WM (MAX)

Furmpose of Test

Remarks & Evaiuation:

Compare Charpy V-notch HAZ impact test resuits with notch parallel to HAZ vs AWS D38
oriertation.

For Chamy impacts on this weidment, the notch was paraliel to the HAZ. Average
results of tests on four macros were: Absorbed Energy, 29.3 ft. ibs. Shear Fracture, 70%.
Lateral Expansion, 31.7 mils.

By:

CE GRUBBS & 5/t e

Date:

7-1-83

Rev:




SRC ENGINEERS , LINCT .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANATLYSIS

Date: 07-08-93 P.0O. No. GD406178
Company: Global Divers & Contractors, Inc.
Test: Charpy V-Notch Impact Test per ASTM A-370, E-23

Test Performed on: _3/4" x 8"Lg. Weldi{Conf. Weld)3G-With T.B.
Square Groove
Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be zltered, deleted from, pubiished and/or used except in full.

RESULTS
ABSORBED PERCENT LATERAL
SPECIMEN NUMBER ENERGY SHEAR EXPANSION
ft - 1bf | FRACTURE (mils)
Hl{Heat Affected Zone) 33 70 35
HZ2 (Heat Affected Zone) 31 70 36
H3(Heat Affected Zone) 19 70 30
H4{Heat Affected Zone) 30 70 27
HS5{Heat Affected Zone) 27 70 32

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Olsen

Serial No.: 85900

Last Calibration: January 18, 1993

Certified By: 7 wpsm.. %ﬁw/’// Date: _ /7~ & - 73

Tim J. Broussard

™ SRC Engineers, Inc.

S
! SR e
. | £ ) L Y s —— - &G
Reviewed By: {;%’%%libhwh ﬁ%%%‘ - Date: - -2

SLUBALE . chp
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Bayou Testers, Inc.
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Bayou Testers, Inc.
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'?Bay,ou Testers. Inc 24 Hour Service
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APPENDIX XIV

Global Divers Sheet of 2
& Comractors, Inc. Wi No. ED-018-93
MATERIALS JOINING WORK REPORT
Part 1 Groove Weild with Multiple Temper Bead
Location GLOBAL DIVERS - PORT OF IBERIA Contract No. _91-M4348
Matl (1) A 386 GGrade Mati (2} Grade
H/Slab No. 0274 Ht./Stab No.
Thick 5/8" in., Dia i, Thick n. Dia__in
Electrode {AWS) E 6013 A51 TN _Program Ex 7 Mir.  Proprietary Clry
- Process SMAW CumentPolarity CC/DCEP/PULSE  Joint Type  V-GROOVE Posttion _3G_ {87
Water Depth 33 Cry Wet X
Welding Vanabies:
RE&C - PASS: | DM o AMPS o voRTS: b LPM. REMARKS " 0.
Hoot 1 18" 150 - 1680 a3 - 34 87 PPS - 125
Temper 1 18" 150 - 160 a3 - 34 8.4 PW - 50%
Hoot 2 1/8" 155 - 160 33 - 34 88 Background 30%
Temper 2 1/8" 158 - 160 33-34 8.2 Weld Time - 54 Min.
Fill 3-87 1/8" 155 - 180 33-34 84 Used MPT Welding Technique
Cap 38 - 44 1/8" 155 - 160 13- 34 g1
Weider: Damyl R, Phillips Date: 8-18-93
Welding Joint Sketch: Welding Techniques:

Stringer Beads with all passes downhill.

'g /\:\* !x f—i ki < ; 5
N AL
/ [ 1 5 “””‘"f




Giobai Divers Sheet _ 2 of 2
& Contractors, Inc. W/C No. _ED-018-93
Tension Tests: (F{educ:eﬁ Sect:omA i-Weid- Metal} NiA
%Eﬂiﬁﬁﬂ Gﬁiﬁm‘ """ ﬂmmm Sﬁ e UYIELDS, T ELONGATION FAILURE:
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4
Chemistry: A-386
LAB 26 14 B8 1 011 { 005} 25 02 02 02 - - .033
Hardness (Vtcke:s/ﬂockweﬂ) Vickers 10 k;:, combined test results on four macros.
o CLDCATION Lo ppremE | RIGHT SIDE: .
BASE METAL (AVG.) 153 150
HAZ (MAX) 226 244
HAZ (AVG) 199 1697
WM (MAX) 240 228

Purpose of Test

Remarks & Evaluation:

Compare properties of weldments made with and without, the muttiple temper bead wet
walding technigue.

Four Haz Charpy V-Notch impacts results at 28° F averaged :
Absorbed energy - 71 ft Ibs, Shear Fracture - 62%, Lateral Expansion - 57 mils.
Four of four macros reveaied no HAZ cracks at 100X

| By: L.E. Grubbs

o o
R AN L

[ate:

6-18-93

Rev: —




Global Divers
& Contraciors, inc.

Sheet __ 1 of 2
WO No. ED-019-83
MATERIALS JOINING WORK REPORT
Part 1 Groove Weld Without Temper Bead

Location _GLOBAL DIVERS - PORT OF IBERIA Contract No. _ 91-M-4346

Mat1 (1) A 38 Grade Matl {2} Grade

Hi/Siab No. 0274 Ht/Slab No.

Thick 58" in.  Dia. in, Thick in.  Dia. in.
_ Electrode (AWS) _E 5013 A5.1 TN _Program Ex 7 Mir. Proprietary Ctry

Process _ SMAW Current/Polarity CC/DCEP/Puise  Joint Type __ V-Groove Postion 3 G

Water Depth 33 Dry Wet X

Wekiing Variables:

Welding Joimnt Sketch:

407

i {

voLTs
155 - 160 33-44 5.7 PPS - 125
Fill 3-38 187 185 - 180 33-34 83 PW - 50%
Cap 37 - 42 187 155 - 160 33 - 34 9.1 Background 30%
Weld Time - 56 Min.
No termper beads were used,
Weider: Damyl R. Phillips Date: 8-18-93

Welding Techniques:

Stringer Beads. All Passes Down Hill,

: i-w 307, 5
% i ?i
/l )\$ ‘} {;} L o




Gilokal Divers
& Contractors, inc.

Tension Tests: (Reduced SectiorvAll-Weid-Metal)

Sheet 2
WO No.

of 2
ED-015-53

N/A

1]

. £ 3?!‘3{35%& IE

- ULTIMATE'S. | viElD s, ELONGATION = FAILURE

1

2

Bends: N/A

SPECIMEN ROOT

FACE SIDE RADIUS RESULTS

1

2
3
4

Chemistry: A 36

toleei}

e e cbe] N | oAl

CTR

LAB 28 14 58

001 | 005 1 25 02 02 02

033

}:

Hardness (Vickers/Rockwell

LQQAT!ON s s e

RIGHT SIDE

BASE METAL {AVG)

151

HAZ (MAX)

244

HAZ (AVG)

196

WM (MAX)

227

Pumpose of Test:

Remarks & Evaluation:

Compare properties of weidments made with and without, the muttiple temper bead wet
welding technique.

Four HAZ Charpy V-notch impact resuits at 28° F. averaged:
Absorbed energy 73 fi. Ibs. Shear Fracture - 80%. Lateral Expansion - 70 mils.
Four of four macros revealed no cracks at 100 x.

By: C. E. Grubbs

P -

Date: 6-18-93 Reav:




Clobal Divers Sheet Ioof 2

MATERIALS JOINING WORK REPORT
Part 1 Groove Weld with Muitiple Temper Bead

& Contractors, Inc. WA No. ED-022 .93

Location GLOBAL DIVERS - PORT OF IBERIA Contract No. G1-M-4146

Matl (1} ASTM A36 Grade Matl (D) Grads
Ht/Slzb No. Ht./8lab No.

Thick 12n in.  Dda . Thick in. Dia.
Electrode (AWSY E 6013 AS ] TN _Program Ex 7 Mir.  Proprictary Cuy
Process SMAW Current/Polanty CC/DCEP Joing Type V-Groove Position _3G (87
Water Depth 37 Dry Wet X

Welding Vanables:

CRF&C | PASS | UDIAT | aAn CLPM b . REMARKS .
ROOT 3 3320 105 - 110 25 - 30 5 Used MTB
TEMPER 2 332" 105 - 110 25 - 30 5 Weld Time 45 Minutes
FILL 16 18" 175 - 180 25 - 30 8
TEMPER 6 3327 105 - 110 25 - 30 5 Used MTB
CAP 4 18" 175 - 180 25 - 30 g Weld Time 45 Minutes
TEMPER 2 332" 110 -120 | 25-30 6
TOTAL 33
Welder: Darryt R Philling Dater 9-10-93
Welding Joint Sketch: Welding Techniques:
e - a0 . Stringer Beads - All Passes Downbhill
| | :
/ ’\\ {‘ l/\ 2 178
{ g
/ b i
¥ l !
i
; i
if1e"
SR W




CGlobal Divers Sheet 2 _of 2

e Ao

& Contractors, Inc. WO No. _ED-022.93
Tension Tests: (Reduced Section/All-Weld-Metal) N/A
U SPECIMEN | ORIENT | ULTIMATES. | ymips. ELONGATION' |  PAILURE
1
2
Bends:
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1 X AT SATISFACTORY
2 X 13T SATISFACTORY
3 X 13T SATISFACTORY
4 X 33T SASTISFACTORY

Chemistry:  ASTM A36

LAB | 4154 24 101 006 014 07 02 01 01 42 402 002 802 008

Hardness (Vickers/Rockwell): __ Vickers 10 ke (Combined results of four macros)

_ LOCATION: SR LEFT: SIDE
BASE METAL (AVG.) NiA N/A
HAZ (MAX} 496 478
HAZ (AVG) 346 34
WM (MAX) N/A N/A
Purpose of Test: (Tegpam propertes of weldments mad with and without the multiple temper bead wet welding
miethod.

Remarks & Evaluation:  Four of four cross sections had no HAZ cricks at < 00X, Four of four side bends passed 3-1/3 T

AT Date: 9-10-93 Rev: ——a
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Giobal Divers

Sheet 1 of 7

Srpeels & Contractors, Ine. WA No. _ED-023-93
MATERIALS JOINING WORK REPORT
Part 1 Groove Weld With Ne Tempering
Location GLOBAL DIVERS - PORT OF IBERIA Contract No. 21-M-1348
Matl (1) ASTM A3S Grade Mal (2) Grade
Ht./Siab No. Ht./Siab No.
Thick 12" n  Dig in Thick m Dia in
Electrode (AWS) E 6013 TN _Program Ex 7 Mifr. _Proprietary Cuy
Process SMAW Cument/Polarity CC/DCEP Joint Type _V-Groove Positon 3G (87)
Water Depth EXY Dry Wet X
Weiding Variables:
CRFP&C.F PASS DIA.. - | AMPS S | VOLIS LEM.
ROOT 2 sz 110-120 25-30 3 No Tempering Weld Time 43 min.
FILL 3 e 110-120 2510 6
FILL 20 18" 175-180 2530 8
CAP 4 1/8" 175-180 25-30 8
TOTAL 29
Welder: Darryi R Phillips Date: __9-10-93
Welding Joint Sketch: Welding Techniques:
Stringer Beads with all passes downhill.
3 0
e ?M j ~ /
P | | {
5, \.s i rs - 148
: \ ; |
yd ; I
[ ;
L1 E




Global Divers Sheet of 2
& Contracters, Inc. W/ No.  ED-621-93
Tension Tests: (Reduced becumfAji-Weld»’viewl‘} N/A
* SPECIMEN " ORIENT | vLTIMATES. | YD S, | ELONGATION mﬁ,m
1
2
Bends: N/A
SPECIMEN ROOT FACE SiDE RADIUS RESULTS
i AT SATISFACTORY
2 X 1437 SATISFACTORY
3 X 13T SATISFACTORY
4 X 137 SATISFACTORY
Chemistry:
LAB 4154 24 1.1 006 014 07 02 EH| 01 02 002 002 002 008
Hardness (Vlckerszockweil): Vickers 10 ke (Combmed results of four macms)
g N ' ' CRIGHTSIDE
BASE METAL (AVG.) N/A N/A
HAZ (MAX) 482 510
HAZ (AVG) 374 365
WM (MAX) N/A N/A

Purpose of Test:

Compare propenies of weldments made with and without the multiple temper bead wet welding method.

Remarks & Evaluation:  Four of four cross sections had no HAZ cracks at 100X, Four of four side bends passed on 3-1/37T.

By:

C.E. Grubbs

//

M/Kw

Date:

9-10-93




Globail Divers

& Contraciors, Inc.

Shest 1 of 2

/0 No. ED-020-92
MATERIALS JOINING WORK REPORT
Part 1 Groove Weld With Temper Beads

Location _ GLOBAL DIVERS - PORT OF IBERIA Cortract No. __ 91-M-4345
Mat! (1) A588-88A Grade B C Matl @) Grade
Ht./Siab No. _803L.3250 Ht/Stab No.
Thick 58" Dia. in. Thick in.  Dia. 1.
Electrode (AWS) _E 8013 A5.1 TN _Pmogram Fx 7 Mfr. Proprietary Ctry
Process _ SMAW Gurrent/Polarity CC/DCEPPulse  Joint Type ___V-Gmove (80 Posttion 3 G
Water Depth 33 Dry Wet X
Weiding Variables:
e et
"RF&C | "PASS DiA,. AMNPS YOLTS P REMARKS
Root 1-2 1/8 150 - 160 28-30 58 PPS - 125
Fil 3-36 18" 150 - 180 28 - 30 6.2 PW - 50%
Cap 37 - 42 18" 155 30 a1 Background 30%
Temper Avg 1/8" 155 30 8.6 Weld Time - 55 Min.
Used MTB Wet Wekiing Technique.
Weider: Danyl R. Phillips Date: 7-12-63
Welding Joint Sketch: Wekiing Techniques:
Stringer Beads. All Passes Down Hill.
I e
3 A0
b \ -
5': Y ;‘ .y
/ ) ;A
! ¥
- r
EEE LA
ot




Global Divers
& Cortractors, Inc.

Tension Tests: {Reduced Section/All-Weld-Metal) N/A

Sheet 2 of 2
W/O No. _ED-020-93

CORIENT | ULTIMATE S. | YIELD S, | ELONGATION FAILURE

1

2

Bends: NiA

SPECIMEN ROOT

FACE ' SIiDE RADIUS RESULTS

1

2
3
4

Chemistry: A5 88-88A Gr. B

 CTR | 449 A3

88

D16 1 011 | 377 | 27 .58 - 281 03 - - -

LAB

Har_df'z_ess (Vickers/Rockwell): Vickers 10 kg (combined test results for four macros)

_ wersoe ] RIGHTSDE

BASE METAL (AVG.)

198 197

HAZ {(MAX)

382 370

| HAZ (AVG)

298 304

WM (MAX)

252 232

Pumpose of Test:

Rermarks & Evaluation:

Compare properties of weidmenis made on AS88-88A Gr B plate with, and without, the
muttiple temper bead wet welding technique.

With MTB, Champy V-notch impact results at 28° F. dveraged:
Absotbed energy -32 #. ibs. Shear Fracture - B8% and Lateral Expansion -35 mils.

By: __C.E Grubbs _.~

P

A oY

Pl L Date:  7-12-.93 Rev:




284,

Global Divers Sheet 1 of 2
Vil & Contractors, inc. WiO No. ED-021-93

O MATERIALS JOINING WORK REPORT
Part 1 Groove Weid Without Temper Bead
Location _GLOBAL DIVERS - PORT OF IBERIA Contract No. __ 91-M-4348
Matl {1) _ ASB8-88A Grade B Matl (2) Grade
Hi/Slab No. _803L.3250 Ht./Slab No.
Thick 8 . Dia in. Thick in. Dia. in.
Blectrode (AWS) _E 8013 A5.1 TN _Program Ex 7 Mfr. _Proprietary Ctry
Process _ SMAW Current/Polanty CC/DCEP/Pulse  Joint Type _ V-Groove (87 Position 3 G
Water Depth 33 Dry Wet X
Weiding Vaniables:
' pie. | AMPS ] voLTS LPM. REMARKS

Root 1-2 1/8” 150 - 160 28-30 56 PPS - 125

Fal 3-38 18" 150 - 160 28 - 30 62 PW - 50%

Cap 37 - 42 18" 150 - 160 28 - 30 a1 Background 30%

Weid Time - 54 Min,
Welded without temper beads.
Weider: Damryt R. Phillips Date: 7-12-93
Welding Joirt Sketch: Welding Technigues:
Stinger Beads. All Passes Down Hill.
} ’\ E § / {
{ ) Bl
\}. i o 18
{ E Y
I | ‘
) H
5 i 30167 -
e 1




Global Divers Sheet 2 of 2
& Contractors, inc. WO No.  ED-021-83

Tension Tests: (Reduced SectionvAll-Weld-Metal) N/A

| SPECIMEN | ORENT | ULTMATES. | YELDS | ELONGATION. FAILURE
1
2
Bends: N/A
SPECIMEN ROOT FACE SIDE RADIUS RESULTS
1
2
3
4

Chemistry: A5-88-88A Gr. B

. c M|l P s st mio{mMmleo! v ic!| Ml oa
4 CTR .44-9 13 88 016 | 011 | 377 27 58 - 281 03 - .
LAB
f:%artiness (Vickers/Rockwell): Vickgrs 10 kg (combined test resulls for four macros)
. iocamon | LEFTSIDE | RIGHT SIDE
BASE METAL {(AVG) 163 190
HAZ (MAX) 360 370
HAZ (AVG) 288 301
WM (MAX) 260 228
Purmpose of Test: Cormpare properties of weldments made on AS88-88A Gr B plate with, and withowut, the

multiple temper bead wet weiding technique.

Remarks & Evaiuation: With no MTB, Charpy V-notch impact results at 28° F. averaged:
Absorbed energy -36.3 . Ibs. Shear Fracture - 83.3% and Lateral Expansion - 35.7 mils.

By: ___C.E Grbbs /. i/t  #/, Date:  7-12-93 Rev:




APPENDIX XV

SRC ENGINEERS, INC.
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 06-~-22-93 P.0. No. GR406139
Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-~370, E-23
Test Performed on: _Weld (With) Temper Bead

Size of Specimens: Full Size (10mm x 10mm x 55mm}

Test Temperature: 28°F

This Certificate may not be altersd, deleted from, published and/or used exvept in full.

RESEULTS
ABSOREBED PERCENT LATERAL
SPECIMEN NUMBER ENERGY SHEAR EXPANSION
ft -~ 1bf | FRACTURE (mils)
Hl (Heat Affected Zone) 91 50 64
H2(Heat Affected Zone) 54 60 52
H3({Heat Affected Zone) 74 50 54
H4 (Heat Affected Zone) 62 50 33
H5(Heat Affected Zone) 77 85 72

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Qlsen

Serial No.: 85900

Last Calibration: January 18, 1993

Certified By: / e w:—i:%«;,«/ Date: _ & 22-7=

Tim J. Broussard
/)SRC Engingers, Inc.

A ™

.y 5 g _ P - 3
Reviewed By: ﬁ3§£WL“Q e AR Date: L-72-932
GLOBALS. chp T



SRC ENGINEERS r L INCE .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 ~ FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANAILY SIS

Date: 06-22-93 P.O. No. GD40613%
Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-370, E-23
Test Performed on: Weld (Without) Temper Read

Size of Specimens: Full Size (10mm x 10mm x 55mm}

Test Temperature: 28°F

This Certificate may aot be altered, desleted from, published and/or used exceapt in full.

RESULTS
ABSORBED PERCENT LATERAL
SPECIMEN NUMBER ENERGY SHEAR EXPANSION
ft -~ 1bf FRACTURE {mils)
Hl(Heat Affected Zone) 69 50 60
H2 (Heat Affected Zone) 78 70 73
H3{Heat Affected Zone) 71 85 61
H4(Heat Affected Zone) 70 85 76
HS (Heat Affected soned 80 B85 75

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius QOlsen

Serial ¥o.: 85900

Last Calibration: January 18, 1993

T
Certified By: ’/% /gww/ibate: &~ 2 2“‘?3

Tim J. Broussard
ﬂﬁRC Engineers, Inc.

i ' 7 . .

] } i/ N . G o
Reviewed By: ﬁka? A P Date: o= 2 72~
GLOBALE.CHE -




APPENDIX XvT
SRC ENGINEERS, TNC.

837-3810, 31106 * LAFAYETTE, LA 70593-1106 + FAX (318) 837-5710

COMPANY NAME: Gilobal Divers
New Iheria, ILa.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.0. #GD406139 Underwater Weld Sample #7PR-1

Specification: in accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
,—’MH {
P ‘“‘\-\_\. :
- Ten 130 19y M
" qze Pt ;
N2tz 189 VERT™Y
hS //-’
N 4
*, 185 .
142 151 Yo B8 R ) 138
~ 204 RS
"\aa s
N e ’
™, S22 212
RN a3
4 19
212 Mo e 7 55

Note: HAZ Examined at 5X, 50X, & 100X Magnificaticn.
No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~997

Last Calibration: January 18, 1993

SRC Job No. 92-352

/‘j S .
Certified By:_ . zn_ »%*b/ Date: ¢ -2 H-F=

& e S | “
Reviewed By: fg_ﬁgwﬁég <§4§Zx , Date: O -2 ey
’ -

SLUBAL4L.VIC




SRC ENGINEERERS ,

LINC .

837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME:

TEST PERFCORMED:

Specification:

HARDNESS TEST DATA:

Global Divers

New Iberia, La.

Vickers 10kq load hardness test on weld sample

P.O. #GD406139 Underwater Weld Sample #TR.2

In_accordance with AWS D3.6

Vickers 10kg

‘28 181 as P

/o
-

i

Fa2

S

Note: HAZ Examined at 5X, 50X, & 100X Magnification.
No HAZ Hydrogen Cracks were present.
EQUIPMENT UTILIZED FOR TEST
Type: Tukon Model LR Microhardness Tester
Manufacturer: Wilson
Serial No.: LR-997
Last Calibration: January 18, 1993

SRC Job No.

Certified By:

Reviewed By:

92~352
3
e f// W/ R
ey Date: [-2F-92
éé&é&aaw? AT Date: o eE -




SRC ENGINEERS . IINC .
837-3810, 31106 * LAFAYETTE, LA 70593-~1106 * FAX {318) 837-5710

£ COMPANY NAME: Global Divers

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.O. #GD408139 Underwater Weld Sample #7B-3

Specification: In accordance with AWS D3.§

HARDNESS TEST DATA: Vickers 10kg
i M
; B a7 220 21z e
: C oo s
: %, 08 :
. 205 12
Ny 33 o7 MRS *85 92 99 53 47 i
. .78 w2
. N y .
. EE-E [ECINE
™~ "99*\_\ aias B /gg
L2120 ~ 205

i Note: HAZ Examined at 5%, 50X, & 100% Magnification.
J No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-8%97

Last Calibration: Januarv 18, 1993

SRC Job No. 92-352

rd

g i
v P
Certified By: S ote xf%;ﬁﬁmmwﬂ~w”“/wx Date: & IF -5

Reviewed By: ;?igiéz#i;{{'éggééﬁaw-- Date: & - JF-253
ya :
e

GLOBALS, VIO




SRC FENGINEERS ., LINC .

837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers

New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.O. #GD406139 Underwater Weld Sample FTB-4

Specification: In accordance with AWS D3.56

HARDNESS TEST DATA: Vickers 10kg
MM“\
e
S - The a4 7 123
34 187
\ T8
=2 224 B Havy
- e ¢ *8g 49 sg . "
. 194 LI
SvotmEN Ltz cwe oten o
186 Sy e

\\:

Note: HAZ Examined at 5%, 50X, & 100X Magnification.
No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-897

Last Calibration: January 18, 1993

SRC Job Ho. 892-352
T D e
Certified By: [/ a4 . A dﬂcmfiﬁﬁ:w Date: . J«F —7=]

= e

7 §;>j_

Reviewed By:

Date: g . OF -7

GLOBALS.LVIC
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SRC ENGITNERRS e L INC .

8373810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 18kg load hardness test on weld sample
P.O. #GD406139 Underwater Weld Sample #NTE~1

Specification: in accordance with AWS D3.§

HARDNESS TEST DATA: Vickers 10kg

25 24 1z R

TR e

Note: HAZ Examined at 5%, 50X, & 100x% Magnification.
No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LE-997

Last Calibration: Januarv 18, 1993

SRC Job HNo. 92-352

| 4 7 ) ] .
Gl - Date: & -<&-72

Reviewed By:




SRC ENGINERERS , LIINCE .

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * FAX (318) 837-5710

£ COMPANY NAME: Global Divers
) New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
P.Q. #GD406139 Underwater Weld Sample #NTB-2

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

o -0 TS 129
TN -
NETT N Tiso .

. . b

t36

oy, T4t cEg © g

; Note: HAZ Examined at 5X, 50X, & 100X Magnification.
’ No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-997

Last Calibration: January 18, 1993

SRC Job Ho. 92~352

e )
Certified By: ﬁﬁamwt¢%g;i@m«m*~“?”ﬁﬁ# Date: & -&d-7=
T 5 //' ] 7 -
Reviewed By: S ;;Zggéim%%w. Date: £ -FLo
=

GLOBALA.VIC




SRC ENGINERERS . THNC .

837-3810, 31106 = LAFAYETTE, LA 70593-1108 =+ FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iheria, Ia.

TEST PERFORMED: Vickers +0kg load hardness test on weld sample
P.O0. #GD406139 Underwater Weld Sample #NTB~3

Specification: in accordance with AWS D1.5

HARDNESS TEST DATA: Vickers 10kg
Ton g4 212 212 Yy
" 2os 3
\ i7% ' ’
R 128 LT A
— 14 45 SRR k2 =t e kS 142
. s 223
e 2 gz e
\\‘54 ~ ;/'23'2 -~
iy Note: HAZ Examined at 5%, 50X, & 100X Magnification.

No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-9G7

Last Calibration: January 18, 1993

SRC Job No. 32-352

Cortified By: Tom, Sb. bate: £-2H-F=

Reviewed By: S /é?égg Date: & -Z¢F-@2
‘\J

GLOBALY . VIO




SRC ENGINEERS LINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iheria, La.

TEST PERFORMED: Vickers 10kc ioad hardness test on weld sample
P.O. #GD4061239 Underwater Weld Sample #NTR-4

Specifications: In accordance with AWS D3.8

HARDNESS TEST DATA: Vickers 10kg

187 : P
Oprran 3 187 162 Raepen

RN e

. ‘\-\

Note: HAZ Examined at 5X, 50X, & 100X Magnification.
No HAZ Hydrogen Cracks were present.

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-597

Last Calibration: January 18, 1993

SRC Job No. 92-352

Certified By: /. 2 Date: & 24.9=

Reviewed By: éﬁﬁﬁgag”j? {2%2%;w-~ Date: o .2z -s7

GLOBALY . VIO




APPENDIX XVII

SRC ENGINERERS | LTINC .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
{(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 07-14-533 P.0. No. GD406294

Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-370. E-233

Test Performed on: _5/8" x 8"Lg. MTB weld on A588 - 3G
Remake

Size of Specimens: Full Size (10mm x 10mm x 55mm}

Test Temperature: 28°F

This Certificate may not be altered, deleted from, published and/or used except in fuil.

RESULTS
ABSORRBED PERCENT LATERAL
SPECIMEN NUMBER ENERGY SHEAR EXPANSION
ft - 1bf FRACTURE {mils)
Hl(Heat Affected Zone) 26 70 28
H2 (Heat Affected Zone) 34 60 41
Hi(Heat Affecrted Zone) 34 85 32
H4 (Heat Affected Zone) 27 60 33
HS (Heat Affected Zone) 34 70 35

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius QOlsen

Serial No.: 85900

Last Calibratvion: Januarv 18, 1993

-
e - _/”fﬁj:;ﬂ .
Certified By: _ /e sl —coi Date:  7-/5-F2
Tim J. Broussard
~SRC Engineers, Inc.
[ . Y

Reviewed By: gﬂﬁééxyﬁii_ B aa Date s R T
GLOBALT . chp




SRC ENGINEERS , T INCE .
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 =+ FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFILICATE OF ANATLTYSITS

bate: 07-14-93 P.O. No. GD406254

Company: Global Divers & Contractors, Inc.

Test: Charpy V-Notch Impact Test per ASTM A-370, E-23

Test Performed on: _5/8" % 8"Lg. No MTB weld on AS88 - 3¢
Remake

Size of Specimens: Full Size (10mm x 10mm x 55mm)

Test Temperature: 28°F

This Certificate may not be altered, deleted from, published and/or vsed except in full.

RESULTS

ABSORBED PERCENT LATERAL,
SPECIMEN NUMBER ENERGY SHEAR EXPANSION

ftt - 1bf FRACTURE (mils)
Hl(Heat Affected Zone) 42 70 38
H2 ({Heat Affected Zone) 47 70 36
H3(Heat Affected Zone} 37 60 37
H4 (Heat Affected Zone) 22 60 29
H5{Heat Affected Zone) 30 60 32

EQUIPMENT UTILIZED FOR TEST

Type: Charpy V-Notch Impact Tester

Manufacturer: Tinius Olsen

Serial No.: 855900

Last Calibratien: January 18, 19923

- o

e )
Certified By: foitie e e Date: 7573
Tim J. Broussard
~, SRC Engineers, Inc.
PO I A

) L/ 1; iﬁ fi% - SN N
Reviewed By: KJ%NUbhﬂx e i Dateo: LA
GLGHALY .chp




HAETLNGI LA AV LEL

SRC ENGINEERS , INC .

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * PAZ (318) 837-5710

COMPANY NAME: Glcbal Divers

New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
2/8" X 8"Lg. Remake of MTE weld on AS588 plate

3G-41

Specification: in_accordance with AWS 2D3.6

HARDNESS TEST DATA: Vickers 1l0kg

o= T
332 212 202 217 se7
32 708 206
282 o)) 206 7 284
e
198 Lz o
N - 218 189 7 3o 7
S 282 . 7 oay
g EQUIPMENT UTILIZED FOR TEST
? Tvpe Tukon Model LR Microhardness Tester
{ Manufacturer Wilson
i .
i Serial No.: LR-947
Last Calibration: January 18, 1993
SRC Job No. 92387
[ gt £ B i . 7 %_’ / TG
Lertilied Zy: ! T T : Date: A= e
Reviewed By;: et b S e Date: [~te =12

SLOBRLT e



SRC ENGINEERS . INC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY HAME: Global Divers
New Iheria, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
5/8" X 8"Lg. Remake of MTR waeld on AS88 plate

3G~%2

Specification: in accordance with AWS D3.5

HARDNESS TEST DATA: Vickers 10kg
g 212 as 27z L0
ot d e
. T E e W:ul
AR R
b 3
. 202 2G ~-
.
i <EZ iz7 224 Ay .
5 “ge NonTo ; 22 99
‘ v e - 232 224 __
285 229 227 31a
nas ™~ e 270

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-89%97

Last Calibration: January 18, 1993

SRC Job No. 92352

-

e . — o wﬁﬁff g -
Certified By:  jomw. &r Date: ~/4 -9 =

Reviewed By: Lo Sl s Date: _ |-+ 772




SRC ENGINEERS ., IINC .

837-3810, 31106 =* LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY HNAME: Global Divers
New Iberia, La.

TEST PERPORMED: Vickers 10kg load hardness test on weld sample
5/8" X 8"Lg. Remake of MTB weld on AS8E plate

3G-#3

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
- - r i
2700 Pz 32 = 2cl
&0 : IEE
203 20 283
. 2 b2 <83 -
N 4 % 322 =
sz ez a3 ; ss ige e
N 2D0 217 ;
265 201 215 aTi
R RN R
N " -~

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

o

Certified By: [t }%ﬁéﬂﬁwmm~wé“' Date: /& -F=

T

Reviewed By:




SRC ENGINEERS ., IINC .
837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Therias, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
3/8" X 8"Lg. Remake of MTB weld on AS88 plate

3G-#4

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
385 \/’ 27 N 21z 70 /
| S e
25 et~ - Efg ‘\\?6‘:} 230 L5 o R x—f
it e e E ~ "4 T s = ~
PRI o L
AN z:-“a\\g.:? 213 283
268 286
N 2
EQUIPMENT UTILIZED FOR TEST
Type: Tukon Model LR Microhardness Tester
Manufacturer: Wilson
Serial No.: LR-997
Last Calibration: January 18, 1993
SRC Job No. 92-352
o D fﬁi*
— P A . R,
Certified By: " /%»::M Date s R i
.\4 jﬁ‘ Faa ;j;
\\\, /; e - .
Reviewed By: e A e Date: _1-' . -7

GLOBALT. VIS
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SRC ENGINEFRERS . EINC .

837~3810, 31106 = LAPAYETTE, LA 70593-1106 *+ FAX (318) 837-5710

COMPANY NAME: Global bDivers
New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld gsample
5/8" X 8"Lg. Remake of No MTR weld on ASBE plate

3G-#1

Specification: in_accordance with AWS D3.§

HARDNESS TEST DATA: Vickers 10kg
i ) e WW“—H\\
T T
= A A £8 217 Uh B
R ERE
- “86
. R 87 oI
o T . f ZiZ T88 TGa
- S . & " . ‘_/ 133 E o
- £44 228 ‘ e S
N 272 o800 237 ann
i - 278
W— !

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: I.R~-357

Last Calibrations: January 18, 1993

SRC Job No. 92-352
_’/’: Pt 2 7
Certified By: e f%gamwﬁ%/fﬁjr Date: 7./ -7 %=
7 ;
Reviewed By: ?f%®2w&¢x R Date: 1T -+  -"232




e

SRC ENGINEERS - INC .

837-3810, 31106 + LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
3/8" X 8"Lg. Remake of No MTB weld on A588 plate
3G-22

Specification: In accordance with AWS D3.5

HARDNESS TEST DATA: Vickers 10kg

en L 128 192 183 TIER
- ‘84
. =iz 2hZ 28
- o <28 203 2132 278 o o
el AR YA ER a3 '\\ ~1g 5o A8 el
fga oz :'z DED “
39 e 2 L [ e
3683 N\ 248
EQUIPMENT UTILIZED FOR TEST
Type: Tukon Model LR Microhardness Tester
Manufacturer: Wilson
Serial No.: LR~-997
Last Calibration: January 18, 1893
SRC Job No. 92-352
e T .
Certified By: . Date: 7-/4 .93
N . o
Reviewed By: A Cadane g, Dy Date: _ | -+ -17

GLOBALT.VIC



SRC ENGINEFERS , TIMNC .

837~3810, 31106 =* LAFAYETTE, LA 70593-1106 * FAX (318) 837-571¢0

COMPANY NAME: Global Divers
New Iheria. La.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
2/8" X 8"Lgq. Remake of No MTE weld on A588 plate

3G~#3
Specification: in accordance with AWS D3.8
HARDNESS TEST DATA: Vickers 10kg

= \m
320 el 75 e IIE
236 ZaE
.. S ~oa PR U
N h Thm i 96 -
o Nt JGE ‘8R IR
o o~ o e hd . [ "
. gG 134 ~ 202 o . ' as 1an
N ol L4 -
N, 2120 18z z7s
: Ll " ’
. b . e 283 ~
e

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilzon

Serial No.: LR~997

Last Calibration: January 18, 1993

SRC Job No. 92-352
Certified By: Wf;;u }%;;ﬁﬁwwwﬂ*ﬁf/ Date: /4 7=
Reviewed By: oo AL s, Date: T2 H2




SRC ENGTNERRS | TINC .
837-3810, 31106 = LAFAYETTE, LA 70593-1106 + FAX (318) 837-571Q0

s COMPANY NAME: Global Divers
e New Iberia, I1a.

TEST PERFORMED: Vickers 10kg load hardness test on weld sample
5/8” X 8"Lg. Remake of No MTB weld on A588 nlate
3G~#4

Specification: in accordance with AWS D3.8

HARDNESS TEST DATA: Vickers 1i0kg

Ll ~iF
et
Tt
L

. az co
2 v 2682 , 5 “nE m=
TQ& g . R - \;‘_{34_ R “o~ s Co e <= i
. e EC o A N . M a4 P
s . e e -
245 o7 2057 28D o
N 201 . o 268%F

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352
” T v
Certified By: ““?Mi;_ = Date: L/ =
T2 TS
—
NS /t
o k'—.sj \\_ . (_m \;""Lw“, B oy
Reviewed By: L&l Oy o Date: J-1S-H2

GLOBALY . VTG



APPENDIX X1

SRCOC O ENGINEERS , LITINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837~5710

COMPANY NAME: Global Divers
Hew Iberia, La.

TEST PERFORMED: Macre Etch on Wet TB Groove Weld
P.0. #GD406809
1/2" A36(CE.41586) #1

Specification: in accordance with AWS D3.6

MACRO _TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olyvmpus

Serial Ho.: 502796

Last Servicing: December, 1992
SRC Job No. 32~352

e // .
Certified By: 7 o /éfﬂb““%«“k Date: 7-/& ?3
Reviewed By: Fﬁbﬁggﬁﬁjﬁa(%i%f;%xh__m Date: & J/-7e- 7 2
.

GLOBALLL (MAC



SRC ENGINBERRS | LINCS .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY HNAME: Glcbal Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Wet 7B Groove Weld
P.0. #GD406ROY
1/2" A36(CE.4156) #2

Specifications: In accordance with AWS D3.§

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

. 2 T /M FF S e e
Certified By: I ~ Date: Lol T

Reviewed By: ffié%%afﬁfii (ié%égéﬁ;wh Date: o9 . s -; >
. -‘)

GLOBALLL.MAD




SRC ENGINERRS , LINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * PAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Wet TB Groove Weld
P.C. #GD4048OY
1/2" AI6(CE.41568) #3

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352
e /"/j // P P DA —
Certified By: Py g e L ff/’ Date:_ 7-/€ 75

w
Reviewed By: ScSmgt——y LI000 Date: _ <& - <o . =
J

GLOBALIL.MAC



SRC ENGINEERS _ LIINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318} 837-5710

COMPANY NAME: Global Divers
New Iberia. La.

TEST PERFORMED: Macro Etch on Wet TB GCroove Weld
P.O. #GD4068GY
1/2" A36(CE.4156) %4

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: December, 1692
SRC Job Ho. 92-352
7 /
™ o o
C@rtifi@d BY: . A & o2 %"Wé Dat&z . 'y’w//é n,‘w;}

o T » 7 ) o
Reviewed By: géﬁﬁ«¢»ﬁ?)?izgéﬁ2?w*mww Date: Do e s
rd - J

GLUBAL1G.MAD



SRC ENGINEERS , TINC .

837-3810, 31106 * LAPAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
HNew Iberia, La.

TEST PERFORMED: Macro Etch on Wet HNo TB Groove Weld
2.0, #GD40680Y
1/2" A36(CE.4156) #1

Specification: In accordance with AWS D3.5

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502796
Last Servicing: Decembey, 1992
SRC Job HNo. 92~-352

_./.a'_ 7
Certified By: Lothe Lo

o
ey
Reviewed By: <SS o %0 /4

GLOBALLL.MAC



SRC ENGINEERS IINC .

837-3810, 31106 * LAFPAYRTTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Glochbal Divers
New Ibheria, La.

TEST PERFORMED: Macro Etch on Wet No TR Groove Weld
P.O, #GD40680Y9
1/2" A36({CE.4156) #2

Specification: in accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olvmpus

Serial No.: 502756
Last Servicing: December, 1992
SRC Job No. 92-352

MW’" N /’) / . ) o T
Certified By: O i o Date: T -/& 7=

, 3 ’f‘ - o
Reviewed By: S P ﬂgéé#mww Date: Cy sy L
i - N
“



SRC ENGINEERS , L BNCE .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Macro Etch on Wet No TB Groove Weld
P.O. #GD406809
1/2" A36(CE.4156) #3

Specification: In accordance with AWS D3.6

MACRO TEST RESULTS:

HAZ Fxamined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 5027396
Last Servicing: December, 1997
SRC Job No. 92-352

. : M/f . / £ ey
Certified By: I il Date: -4 7o

o 3

Date: P ro-g 3

Reviewed By:

GLOBALLI.MAC



SRC ENGINEERS , LINC .

837-3810, 31106 = LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Theria, La.

TEST PERFORMED: Macro Etch on Wet No TB Groove Weld
P.0. #GD406809
1/2" A36(CE.4156) #£4

Specification: In accordance with AWS D3.§

MACRO TEST RESULTS:

HAZ Examined at 100X Magnification.

There was no evidence of any cracking.

EQUIPMENT UTILIZED FOR TEST

Type: Metallograph

Manufacturer: Olympus

Serial No.: 502796
Last Servicing: December, 1992
SRC Job No. 92-352

/ / [
Certified By: /o /é;m, - Date: S*/0 75

Reviewed By: e /ﬁﬁégéhid Date: of. . 7 7
? L L =

GLOBAL LG . MAD



APPENDIX XX

SRC ENGINEERS, TITNC.
P.O. BOX 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANALYSIS

Date: 9-16-93 P.O. HNo. GD405809

Company: Global Divers & Contractors, Inc.

Test: AWS D3.6-~93 Side RBend Wests
Test Performed on: _1/2" A36(CE.4156) TB Groove Weld
Welders Name: Darryl Phillips

Thia Cartificate may not be alipred, deleted from, published and/or used except in full.

5IDE BEND TEST

SAMPLE TYPE & ﬁUMBER RESULTS

Side Bend S1 (6T,4T,3 1/3T) Failed @& 27T
Side Bend S2 (6T,4T,3 1/3T) Failed & 27
Side Bend S3 (6T,47,3 1/3T) Failed @ 2T
- Side Bend S4 (6T,4T,3 1/3T) Failed € 27T

EQUIPMENT UTILIZED FOR TEST

Type: Guided Bend Tester

Manufacturer: CRC

Certified Bys: [ < Date: 7. g S5

Tim J. Broussard
SRC Engineers, Inc.

Reviewed By: “ﬁ;ﬁi;%%i;x4? réézéégﬂmﬁw Date: A =N
~J

GLOBALIL.MAC



SRC ENGINEERS, TNC .
P.O. BOX 31106 * TLAPAYETTE, LA 70593-1106 + FAX (318) B37-571%
(318) 837-3810, 837-3819 STEPHEN R. CALLEGARI, P.E.

CERTIFICATE OF ANAILYS IS

Date: 9-16-93 P.0O. No. GD406809
Company: Global Divers & Contractors, Inc,
Test: AWS D3.6-93 Side Bend Tests

Test Performed on: 1/2* AJ6(CE.4156) No TB Groove Weld

Welders Name: Darryl Phillips

This Certificata may not be altered, deleted from, puplished and/or vsed exTept in full.

SIDE BEND TEST

SAMPLE TYPE & NUMBER RESULTS

Side Bend Sl (6T,4T,3 1/31) Failed & 2T
Side Bend 52 (6T,4T,3 1/3T) Failed @ 27T
Side Bend 53 (6T,4T,3 1/3T) Failed @ 2T
-Side Bend 54 (67T,47,3 1/3T) Failed @ 27

EQUIPMENT UTILIZED FOR TEST

Type: Guided Bend Tester

Manufacturer: CRC

mawf’d’/iﬂ” (f////:? ’7//47; - e
Certified By /o }./;«5_/4«'«1_»—‘ Date: S /;/{ ? o

Tim J. Broussard
SRC Engineers, Inc.

Reviewed By: STééiE”émﬁfﬁ/%zﬁﬁém\ Date: L R AR A
i -

GLOBALL1 .MaC



Appendix XXI
SRC FEFENGINEERS _ IINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAMF: Glebal Divers

New Iheria, La.

TEST PERFORMED: Vickers hardness test on Wet TB Groove Weld

1/2" A36(CE.4156) %1

P.O. #GD406809

Specification: in accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
R 478\ as 347, 4
N 262 236\, /268 268 / |
\\\\ \\ /// ) e =
. e yd /
N ‘// B :
AN e e f

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~997

Last Calibration: January 18, 1993

SRC Job No. 92-352

wg/f,fﬁﬁéég? ﬁ/,ﬂ%/ e
Certified By: L T — pate:_ -/ /-7 2

GLORALIO.VIC



SRC ENGINEERS , L INCT .
837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers hardness test on Wet TB Groove Weld
1/2" A36(CE.4156) #2
P.O. #GD40680S

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
t 485 39&\ /'/414 n&g 4
\ 272 272xﬁ\ //>14 nap
Ny \\ \\ //// ,/ e
\\ \\ \\ / // /
AN - e r
|

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-957

Last Calibration: January 18, 1993

SRC Job No. 92352

P //f//’7 7 | )
Certified By: [am Ade oo /" pates Fr7 T3

GLOBALLIG.VIC



SRC ENGINEERS , EICE .

837~-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX {318) 837-5710

COMPANY NAME: Global Divers

New Tberia, La.

TEST PERFORMED:_Vickers hardness test on Wet TB Groove Weld

1/2" A36({CE.4156) #3

P.O. #GD406809

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
!
N 496 311 /3a8 ap /
5 . Vs % :
N 238 257N\, 7235 282/ ;
. \\ ~,
i N \ # ‘4
N N N p 1
_ N . P %
“~ - I
™ |
j

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~987

Last Calibration: January 18, 1993

SRC Job No. 92-352

. ) o
e - ’ 5 S
Certified By:  / zse fﬁé%}f?mﬂ»’éijf/ Date: -/ 7-5 3

GLOARLID.LVIC



SRC ENGINEERS , ENC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers

New Iberia, La.

TEST PERFORMED: Vickers hardness test on Wet TR Groove Weld

1/2" A36(CE.4156) #4

P.O. #GD406809

Specification: in_accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
S P
499 382N R 346
230 287\ /227 263/
\\“ \ //"/
\ \ \ /// /
AN S

EQUIPMENT UTILIZED FOR TEST

Type: __ Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

Certified By: /s fiZ% cry pate:_ 7-/7-7. 3

CLOBAL1D.VIC




SRC ENGINEERS LZINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers

New Iberia, La.

TEST PERFORMED: Vickers hardness test on Wet No TB Groove Weld

1/2" A36(CE.4156) #1

P.O. #GD406809

Specification: In accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
N 480 480\ S atg 395 7
N \ Ye \ - ;
N 480 81N e 430/ ;
AN AN / / £

e

™ \ s // //
. N ., l
| N - |
f
|

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR-997

Last Calibration: January 18, 1993

SRC Job No. 92-352

/ //_"? /’
Certified By: 7 i S Date:_%- /77~ 3

GLOBALIC.VIC



SRC ENGINEERS , LINC .
837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Diversa
New Iberia, La.

TEST PERFORMED: Vickers hardness test on Wet Nc TB Groove Weld
1/2" AJB(CE,4156) #2
P.0O. #CD40s8OO

Specification: In accordance with AWS D3.5

HARDNESS TEST DATA: Vickers 1 Gkg
f
‘\‘ 480 435 \\ /2"2 380 {
A 43" n d
. 440 343 \\\ / L%} 353 S
\ \ / 7 4
o

EQUIPMENT UTILIZED FOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-997

Last Calibration: dJanuary 18, 1993

SRC Job No. 92-352

Certified By: jZ;:; J;;:;awwf’/{&//} Date: AT

GLOBALIC.VIC



SRC ENGINEERS, ITINC .

837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers

New Iberia, La,.

TEST PERFORMED:_Vickers hardness test on Wet No TB Groove Weld

1/2" A36(CE.4156) #3

P.O. #GD406809

Specification: in accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg
s 435 478 478
E s :
w233 VN 128 222/ :
\\ \\\ H
v ’ s
N N / -
N / |
i
| |
EQUIPMENT UTILIZED FOR TEST
Type: Tukon Model LR Microhardness Tester
Manufacturer: Wilson
Serial No.: LR-997
Last Calibration: January 18, 1993
SRC Job No. 92-352
Certified By: /ﬂﬁxr et A Date: §L/f7“7)

GLOBALIG. VIS



SRC ENGINEFRERS . TINC .
837-3810, 31106 * LAFAYETTE, LA 70593-1106 * FAX (318) 837-5710

COMPANY NAME: Global Divers
New Iberia, La.

TEST PERFORMED: Vickers hardness test on Wet No T&8 Groove Weld
1/2" A36(CE.4156) #4
P.O. #GD406B0S

Specification: In_accordance with AWS D3.6

HARDNESS TEST DATA: Vickers 10kg

EQUIPMENT UTILIZED FPOR TEST

Type: Tukon Model LR Microhardness Tester

Manufacturer: Wilson

Serial No.: LR~-G97

Last Calibration: Janvary 18, 1993
SRC Job No. 92-352

7
T - - —
Certified By: f/wmm,féé;f”ﬂqﬂfﬁ/ﬁ,/ Date:__ 5~/ 7~ 5 =

GLOBALL0.VIC



Appendix XXHi
SCIENTIFIC TESTING LABORATORIES , INC.

ane 504/356-2759 2703 Weller Avenue Fax 504/358~0648
Baton Kouge, Loulsiana 78805 .

CHARPY IMPACT TEST fUsing a Vee type notch}
Specimen Individual Notch Tesat Energy Percent| Mils
iDp Size Location Temp{ 'F}| {(FT-LBS)| Shear Exp.
Al 10mm x 10mm iWELD METAL +60 . 31 1646 30
A2 lémm x 1émm |[WELD METAL +60 | 29 . 100 32
Bl 10mm x 10mm [WELD METAL +4¢ 30 160 3@
B2 19mm x 10mm [WELD METAL +40 30 160 31
C1 10mm x 10mm [WELD METAL +28 29 lae 29
c2 19mm x 10mm |WELD METAL +28 29 140 28
C3 18mm x 16mm |[WELD METAL +190 28 95 28
D1 10mm x 10mm |WELD METAL e 25 90 24
D2 16mm x 1@mm |WELD METAL @ 30 S0 35
D3 10mm % 19mm |WELD METAL ] 29 1/2 90 30
E3 10mm x 16mm |WELD METAL -10 23 30 26
F3 10mm ¥ 10mm |[WELD METAL -10 17 172 B8O 19
G3 16mm x 10mm |{WELD METAL -10 16 1/2 70 20
E1 10mm % 19mm [WELD METAL -29 18 60 17
vz 10mm ¥ 10mm |WELD METAL ~20 18 68 15
oo .3 T10mm x 10mm |(WELD METAL ~25 13 30 14
F1 10mm x 10mm {WELD METAL -38 13 3¢ 1@
F2 18mm x 19mm |WELD METAL - -39 14 30 10
| A3 10mm x 16mm |[WELD METAL ~35 - 15 10 14
G1 10mm x 1¢mm |WELD METAL ~40 13 20 12
G2 18mm x 1€mm [IWELD METAL !—4@ 16 29 13 }
|

Notes: T=3/4" PLATE WELDED WITH AN EX7 ELECTRODE AT -33 FT.
JOB#91-M-4346

Test Ho.,: 15137 Welded by:

Test Date: 11/864/93 SEN:
Conducted by: STL NB ML DD Approved byﬁiéiil 7
Per: ASTH E 23

waere prepared, welded, and tested in accordance with the regquiy
AWS D38

“..organization: GLOBAL DIVERS
Date:! Novem ber 8‘£‘1"53 By:




SCIENTIFIC TESTING LABORATORIES, INC.
2703 weller Avenue
Baton Rouge, Louisiana 70805

CHARPY IMPACT TEST (METRIC)

Specimen Individual Notch Test Energy Percent MM

iD Size Location Temp (°C) (Jules) Shear EXp.
Al 10mm x 10mm WELD METAL i5.5 42.0 100 0.76
A2 10mm x 10mm WELD METAL 15.5 3.3 100 G.81
B1 10mm x 10mm WELD METAL 4.4 40.7 100 0.76
BZ 10mm x 10mm WELD METAL 4.4 40.7 100 0.79
Cil 10mm x 10mm WELD METAL -2.2 389.3 100 0.74
c2 10mm x 10mm WELD METAL -2.2 39.3 100 6.71
C3 10mm x 1C0mm WELD METAL -12.2 38.0 95 0.71
D1 10mm x 10mm WELD METAL -17.8 33.9 30 G.61
D2 10mm x 10mm WELD METAL -17.8 40.7 a0 0.89
D3 10mm x 10mm WELD METAL -17.8 40.0 90 G.76
E3 10mm x 10mm WELD METAL -23.3 31.2 g0 0.66
F3 10mm x 10mm WELD METAL -23.3 23.7 80 0.48
G3 10mm x 10mm WELD METAL -23.3 22.4 70 0.51
El | 10mm x 10mm | WELD METAL -28.9 24.4 60 0.43
B2 10mm x 10mm WELD METAL -28.9 24 .4 60 ¢.38
B3 10mm x 10mm WELD METAL -31.7 17.6 30 0.36
Fl 10mm x 10mm WELD METAL -34.4 17.6 30 0.25
F2 10mm x 1Cmm WELD METAL ~34.4 18.0 30 0.25
A3 10mm x 10mm WELD METAL -37.2 20.3 10 0.36
Gl 10mm x 10mm WELD METAL -40.0 17.6 20 G.30
G2 10mm x 10mm WELD METAL -40.0 21.7 20 0.33

NOTES: 3/4™ PLATE WET WELDED WITH EX7 ELECTRODE AT -33 FT. JOB# 91-M-4346¢

V TYPE NOTCH WAS USED FOR TESTING

Test No.: 15137 Welded by: Darryl R. Phillips

Test Date: 11/04/683 SS#: 262-19-9555

Conducted by: STL NB ML DD

Per: ASTM E 23

We certify that the statements in this record are correct. The weldments were
prepared, welded, and tested in accordance with the requirements of AWS D3.6.

“«.ganization: GLOBAL DIVERS & CONTRACTORS, INC.
Date: November 8, 1993

Metric Conversion By: =’;?5i14z/ﬁi;iwi
C.E. Grubbs




